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DRUG, HOST AND PARASITE INTERRELATIONSHIPS IN 
THE TREATMENT OF AVIAN MALARIA (PLASMODIUM 
CATHEMERIUM IN CANARIES) 


RUSSELL 0. HANSON* AND ARTHUR L. TATUM 


From the Department of Pharmacology and Toxicology, 
University of Wisconsin, Madison, Wisconsin 


Successful treatment of man or in- 
fected animals involves at least three 
factors: the parasite, the host, and the 
therapeutic agent.' Clinically as well as 
experimentally, ordinarily effective ther- 
apeutic agents occasionally fail, which 
fact necessitates the assumption of the 
failure of adequate response on the part 
of the host or some change in the infec- 
tive agent. In such instances the drug or 
chemical agent may be considered as a 
constant, whereas the individual host 
may differ significantly from others of 
the same species or even of the same im- 
mediate ancestry. Furthermore, the in- 
fective agent itself may change in viru- 
lence or susceptibility to the drug. The 
treatment of avian malaria is successful 
in certain species of birds infected by 
appropriate parasites, while in other 
avian hosts the same infection may be 
incurable. In man, malignant tertian 
(Plasmodium falciparum) malaria is 
relatively successfully controllable by 
treatment, whereas benign tertian 
(Plasmodium vivax) malaria is, and has 
been, very resistant in respect to com- 
plete eradication. Malarial organisms 
infective to ducks or fowls can be 
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readily controlled, whereas Plasmodium 
cathemerium and certain other species 
infective to canaries cause an essentially 
incurable infection or latency, regard- 
less of type or duration of therapy. This 
can be interpreted to mean that the 
canary has an extremely low natural ca- 
pacity for developing an effective resist- 
ance to malaria. 

In order to understand better some of 
the conditions basic to the causes of 
therapeutic difficulties in the way of 
treatment, the canary, infected by P. 
cathemerium, was made the subject of 
study, particularly in respect to the 
question of when and how an infection 
becomes firmly established. 

In the instance of avian malaria in 
the canary, such as P. cathemerium, for 
example, neither the mosquito-borne 
nor the blood-to-blood transfer form of 
the disease can be cured by any safe 
means. Gingrich? has reported a radical 
cure with a naphthoquinone derivative, 
but the dosage required is at the LDso 
level for the canary. These results we 
have confirmed. One-half of our group 
was cured, whereas the other half 
died from the effects of the toxicity of 
the drug. Both man and canary de- 
velop latent infections; but the latency 
in the canary, however the infection is 
established, is practically beyond con- 
trol, whereas in man the vivax infection 


2. Gingrich, W., Schoch, E. W., Schwab, M. and 
Shepherd, C. C. 1947, Radical cure of avian 
malaria (P. cathemerium) with SN 8557, a 
naphthoquinone derivative. Am. J. Trop. 
Med. 27: 147-152. 
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TABLE 1.—Results of the intravenous inoculation 

of fixed numbers of parasites followed immediately 

by the intravenous administralion of 150 yg of 
pentaquine. 


Number 
of birds 


Non- 
infected 
virds 


Number of parasites 
inoculated 


Infected 
birds 
5 to 10,000 0 27 

17 ,000 to 56,000 13 17 
100 ,000 to 1 million 7 0 


induced by blood-to-blood transfer (ab- 
sence of sporozoite phase) is readily 
subject to successful therapy. 


EXPERIMENTAL 


In order to determine when and how 
an infection, such as P. cathemerium, 
becomes established in the canary in 
the absence of the sporozoite phase, 
highly parasitized blood was injected 
intravenously into clean (malaria-free) 
canaries. When numbers of parasites 
from 100,000 to one million were given 
essentially simultaneously with a maxi- 
mally tolerated intravenous dose ot 
pentaquine,* namely, 150 yg per bird 
(table 1), 
in all of the birds in spite of the well 


infection became established 


known effectively suppressive antima- 
larial activity of the drug. Intensive 
therapy to the limits of tolerance of the 
birds in this category does not effect a 
cure or prevent the infection from be- 
coming established in the host. 

In view of the fact that blood of ca- 
naries with a latent malarial infection 
is consistently infective on intravenous 
injection into clean birds, such blood 
must of course contain parasites. These 
relatively few parasites can be rendered 
noninfective to a recipient bird if the re- 
cipient bird is given an intravenous in- 
jection of the drug promptly after the 


* Supplied through the courtesy of The Eli 
Lilly Co. 

t This experiment on three recipient birds was 
kindly performed for us by R. W. Loehning, of 
this department. None of the recipients became 
infective. 
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intravenous inoculation.t However, the 
administration of the same drug to the 
“latent” bird, serving as a donor, as 
stated above, does not cure its latent in- 
fection. Consequently, the condition or 
location of some of the parasites in the 
“latent” bird must be different from 
that of clean birds having just received 
blood of a bird with an established in- 
fection. 

If a small number of nonpoisoned 
parasites, e.g., 5000 or less, are injected 
intravenously into a clean bird and fol- 
lowed within five to ten minutes by a 
full dose of pentaquine, also adminis- 
tered intravenously, usually no infec- 
tion occurs (table 1). It is our experi- 
ence that this same number of normal 
parasites injected intravenously and 
not closely followed or preceded by 
drug is invariably infective to clean 
birds. As a matter of fact, we have con- 
firmed the observation that ten, five, or 
even one normal trophozoite, are ade- 
quate to establish an infection when ad- 
ministered intravenously.’ Since ca- 
naries, receiving small numbers of para- 
sites and an effective dose of the drug 
soon after inoculation, remain unin- 
fected, it is obvious that they can effec- 
tively dispose of this small number of 
parasites after treatment, in contrast 
to the condition after the reception of 
large numbers of parasites, in which cir- 
cumstance some capacity of the host 
must have been exceeded, leading to an 
active infection resulting from some of 
the still viable parasites. 

In order to check this point directly 
and experimentally in another manner, 
large numbers of parasites (around a 
million) were injected intravenously 
into a clean bird, serving as a “‘living 
test tube.’’ A few minutes thereafter a 
3. Coulston, F. and Manwell, R. D. 1941, Single- 

parasite infections and exoerythrocy tic schizog- 

ony in Plasmodium circumflecum. Am. J. 

Hyg. Sec. C. 34: 119-125. 
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full dose of the drug also was given in- 
travenously. Later, blood was taken 
from this recipient bird and a total cell 
count and percentage infection deter- 
mined, so that by dilution of the blood 
any desired number of these in vivo- 
poisoned parasites could be adminis- 
tered to clean birds. These parasites 
had been exposed, within the hitherto 
clean bird serving as a “living test 
tube,”’ to an intravenously injected dos- 
age of 150 ug of pentaquine. After one 
hour blood was withdrawn and the 
count of parasitized cells was made. Ap- 
propriate dilutions were then made and 
known numbers of parasites were in- 
jected into other clean birds. Infection 
occurred consistently (table 2). This in- 
dicates that the parasites in the circu- 
lating blood of a previously clean bird, 
exposed to drug for a period of one hour, 
were not sufficiently injured as to pre- 
vent infectivity. 

On the other hand, if parasites, ex- 
posed for a period of four hours in the 
donor bird serving as a “‘living test 
tube,”’ were removed and injected intra- 
venously to clean birds in small num- 
bers, such as a total of 3000, no infection 
occurred in 30 out of 37 recipient birds 
in the series (table 3). Larger numbers 
of parasites of the same lot produced an 
incidence of infection roughly propor- 
tional to these numbers; and finally, 
when approximately 250,000 parasites 
were injected, practically all of the re- 


TABLE 2.—Results of intravenous inoculation into 
unparasitized birds of fixed numbers of parasites 
which had been subjected to the action of the drug 
for one hour in vivo by an intravenous injection of 
150 ug of pentaquine. 
Number of 
4 parasites 
bi de injected 
_ intravenously 


Number Infected 


Noninfected 
birds i 


1,800 
18,000 
36 ,000 

183 ,000 
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TABLE 3.—Results of the intravenous inoculation 
into unparasitized birds of fixed numbers of para- 
sites poisoned in vivo in a donor bird for four hours 
by an intravenous injection of 150 ug of pentaquine. 
Non- 
infected 
birds 


Number Approximate number 
of of in vivo-poisoned 
birds parasites inoculated 


Infected 
birds 
37 3,000 or fewer 

6 5 ,000 to 10,000 
11 15 ,000 to 50,000 
23 70 ,000 to 90 ,000 
7 100 ,000 to 200 ,000 
10 250 ,000 or more 


30 

3 
3 
6 
5 
0 


_ 
NNeBon 


cipient birds developed an infection. 
This evidence supports the concept that 
large numbers do infect, whereas small 
numbers of the same lot of the in vivo- 
poisoned parasites do not. The data ob- 
tained (table 3), on being subjected to 
analysis,* prove to be beyond the likely 
probability of the chance occurrence of 
one or a few viable and resistant para- 
sites having been unaffected by the 
drug, hence presumed to be responsible 
for the infection when large numbers of 
these parasites were injected. 

The situation described above defi- 
nitely leads to the concept of signifi- 
cance of numbers. Large numbers of 
parasites, e.g., 500,000 or more, when 
given intravenously with or followed 
very shortly by an intravenous injection 
of the drug in a maximally tolerated 
dose, always result in an infection which 
is usually evident only after a delay of 
10 to 15 days. Thus, the intravenous in- 
jection of large numbers of parasites, 
followed by drug, appears to exceed or 
exhaust some element of the antima- 
larial capacity of the host, as a result of 
which an infection is established. 

It should be stated at this point that 
in this type of experiment one often ob- 
tains markedly depressed curves of 


* The Chi square function of the fourfold table 
gave the probability of 0.00298, which means one 
chance of infection in 333 experimental animals. 
The writers wish to thank Dr. J. A. E. Eyster for 
kindly making these calculations for us. 
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TABLE 4.—Results of intravenous inoculation of 

parasites into unparasitized birds followed by an 

intravenous injection of 150 ug of pentaquine from 

2 to 48 hours after the intravenous administration 
of parasiles. 


Time in 
hours 
between 
inoculation 
and in- 
jection of 
drug into 
donor 
birds 
0 5 to 10 ,000* 

2 29 to 
4 237 to 
5 176 to 
11 29 to 
24 3 to 
48 d 17 to 


Num- 
ber of 
birds 


Number of Non- 
parasites aed infected 
injected birds 


* From table 1. 
parasitemia, indicating the 
ment of a partial immunity. 

Parasites poisoned in vivo can be de- 
stroyed on injection into clean birds by 
the combination of actions of the anti- 
malarial drug and of the 
forces of the host, particularly if the 
numbers of parasites are small (table 1). 
“Latent’’ birds, which carry infective 
parasites in their active circulation, 
have not as yet been cured by any 
readily tolerated dosage of any anti- 
malarial drug. They therefore must har- 
bor in their bodies parasites which are 
either inaccessible or have become re- 
sistant to the drug and to the defensive 
forces of the host. Yet blood of ‘‘latent”’ 
birds subjected to in vivo action of the 
drug in a noninfected bird can be ren- 
dered noninfective, as stated above. 
The exposure to the drug, to be effec- 
tive, must continue over one hour to 
render the parasites noninfective. It is 
then obvious that in birds with latent 
infections, parasites must be entering 
the blood more or less con- 
stantly, and perhaps in dribbling fash- 
ion. This means that those parasites 
which enter the blood stream (from hid- 
den foci) shortly before the blood is 
taken may have had only a short period 
of exposure to the circulating blood and 


develop- 


defensive 


stream 
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its content of antimalarial drug, and 
perhaps even to opsonins or antibody- 
like substances, and consequently, on 
prompt injection into a_ parasite-free 
and drug-free recipient, 
tablish an infection. 

If normal trophozoites, even in small 
numbers, are given intravenously three 
to four hours prior to the intravenous in- 
jection of the drug, an infection de- 
velops, indicating that within this pe- 
riod of time in vivo, at least some of the 
parasites have become inaccessible to 
otherwise effective or sterilizing con- 
centrations of the drug (tables 4 and 5). 
Have these parasites become exoeryth- 
rocytic in this short time, or have 
some of them become hidden in loca- 
tions within tissues in such a way as to 
be safe from the toxic action of the drug 
and from fixed phagocytes, or could 
they have acquired within this time a 
high grade refractoriness towards the 
drug? 

We have observed that when a few 
hundred to a few thousand parasites 


readily es- 


TABLE 5.—Results of intravenous inoculation into 
unparasitized birds (group B) with blood from 
birds (group A) which had previously received an 
intravenous injection of a fixed number of normal 
parasites and at a subsequent stated period had 
received intravenously a dosage of 150 ug of penta- 
quine. In vivo poisoning of parasites occurred in 
group A. 

Time in 
hours 
between 
adminis- 


tration 
of drug 


Time in 
~ hours 
no. parasites inoculation 
and admin- 
istration 
of drug 


Results in 
group B* 


| 


and 
bleeding 
No drug 
No drug 


2 
4 
2 
4+ 
4 
4 
4 
4 
4 
4 
4 


24 
48 
20 
20 
43 
43 


PURE UU t beg 


ed 
SreK CCeBNAKNeGN 


This table illustrates the noninfectivity of blood of group 
A birds for group B birds, while the group A birds them- 
selves revealed a state of infection 6 to 12 days later. 

* +Infected, — not infected. 
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were injected intravenously into @lean 
birds and then the drug given by the 
same route four or more hours later, 
blood withdrawn between the 4- and 
48-hour period was noninfective to other 
birds, yet treated donor birds 
themselves developed an_ infection 
which became evident some days later 
(table 5). indicates 
that those parasites which may have re- 
mained in the circulating blood are in- 
jured or are so affected by the drug that 
they are destroyed in some manner or 
other, if not in too large numbers, 
whereas an unknown number leave the 
active blood stream within the period of 
approximately four hours to become 
protected in some unknown manner 
against the actions of the drug. They 
survive, and in the course of 


these 


This observation 


two or 
three days some viable parasites gain 
access to the blood stream, again ren- 
dering it infective, as proven by the de- 
velopment of an evident infection when 
administered intravenously to clean 
birds. These hidden parasites evidently 
multiply so that some of the accumu- 
lated mass of new parasites succeed af- 
ter two or three days in re-entering the 
active circulation so as to render it in- 
fective. 


DISCUSSION 


The course of events presented above 


furnishes the basis for at least a partial 
explanation of thelatency of P. cathe- 
merium infection in canaries. An easy as- 
sumption, which speaks in its favor, is 
that the parasites become hidden in tis- 


sues, perhaps in capillaries temporarily 
thrombosed or blocked by sludge, so 
that they become protected against di- 
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rect and continued exposure to the anti- 
malarial agent employed. To become 
fatally injured in these hypotheti- 
cally walled-off capillaries, the para- 
sites might require the penetrating 
power of drug concentrations beyond 
those tolerated by the host. 


SUMMARY AND CONCLUSIONS 


Infective malarial parasites (Plasmo- 
dium cathemerium) injected intrave- 
nously into clean birds establish a prac- 
tically incurable infection within a 
period of four hours. 

Small numbers of parasites can be 
poisoned by treatment in vivo, so that 
when administered to clean birds they 
do not infect, whereas large numbers of 
the same lot do. This fact indicates that 
large numbers exhaust some necessary 
antimalarial humoral factor leading to 
susceptibility to active infection. 

Blood of birds having a latent infec- 
tion, injected intravenously into clean 
birds, can be rendered noninfective in 
these recipients by prompt intravenous 
injections of the drug employed in this 
work, 

Since the blood stream of birds given 
small numbers of parasites is rendered 
noninfective by immediate intravenous 
treatment with the drug, and since the 
blood stream of birds with a latent in- 
fection having approximately the same 
number of parasites and given intensive 
intravenous treatment continues to be 
infective, it would appear that there are 
parasites in the latent bird that are in- 
accessible to the drug and that the 
progeny of these hidden parasites are 
continually entering the active blood 
stream. 
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STUDIES OF THE EFFECT OF ANTIBIOTICS ON INFECTIONS 
WITH THE MOUSE PINWORM, ASPICULURIS TETRAPTERA 
Ill. THE ACTIONS OF AUREOMYCIN, BACITRACIN AND POLYMYXIN B 


HELEN S. WELLS 


From the School of Public Health, Columbia University, New York City 


In previous reports (Wells, 1951a and 
b) the actions of terramycin hydro- 
chloride, neomycin, chloramphenicol 


and dihydrostreptomycin on experi- 
mental infections with the mouse pin- 
worm, Aspiculuris tetraptera, have been 
presented. It was found that terramycin 
reduced the worm burden and stunted 
remaining worms. Neomycin chloram- 
phenicol and dihydrostreptomycin when 
given orally, on the other hand, resulted 
in an increased worm yield of normal 
sized worms. In the present report the 
findings with aureomycin, bacitracin 
and polymyxin B are presented. 


METHODS AND MATERIALS 


The techniques used in this study 
were the same as those employed in the 
previous studies. Helminth-free mice of 
approximately 30 days of age were in- 
fected orally with 300 embryonated eggs 
of A.tetraptera.In the initial experiments 
daily oral doses of 160 mg/kg of aureo- 
mycin were administered. In subsequent 
experiments the dosage employed was 
500 mg/kg. The daily oral dosage of 
bacitracin was 20,000 units/kg and for 
polymyxin B, was 500 mg/kg. The mice 
were autopsied at various intervals after 
infection and treatment. The entire 
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aureomycin; 


large intestine was examined micro- 
scopically and the worms recovered were 
counted. The measurement of the 
lengths of a sample of worms was also 
made. 

Aureomycin 

Experiment 1.—Treated mice received 
160 mg/kg of aureomycin. In experi- 
ment la treatment was initiated 2 days 
prior to infection and continued for 16 
days. The day after receiving the last 
dose of aureomycin the mice were au- 
topsied and the worms were counted 
(i.e., 14 days after infection). Treated 
animals harbored an average of 105 
worms and the controls 130, a difference 
which is not statistically significant. 
The average length of worms in the 
treated animals was 1.24 mm and in the 
control animals 1.55 mm, a significant 
difference. In experiment 1b treated 
animals received similar dosage of aureo- 
mycin beginning 7 days after infection 
and continued for 7 days. The average 
worm yield was 129 in the treated 
animals as compared with 130 in the 
control animals. The average length 
of worms in treated animals was 1.34 
mm, which is significantly smaller than 
the average length of 1.55 mm of the 
controls. 

Experiment 2.—The recovery of small- 
er worms from treated animals in 
experiment 1 indicated that aureomycin 
has some activity against Aspiculuris. 
Therefore, experiments were under- 
taken with larger doses of the antibiotic, 
and in all experiments other than ex- 
periment 1, 500 mg/kg of aureomycin 
were administered daily. In experiment 
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2a mice received 16 daily doses of 
aureomycin beginning 2 days prior to 
infection. On autopsy the average worm 
yield in the treated animals was only 7, 
while the controls harbored 57, a highly 
significant difference. The average length 
of worms in treated animals was 0.95, 
which is significantly shorter than the 
1.46 mm average length of worms in 


TABLE 1. 


Treated mice 
Day of 
infection 
treatment 
was 
initiated 


Daily 
dosage, 
mg/kg 


Total 


Number days of 


of mice 
160 2 
160 7 
500 
500 
500 
500 
500 
500 
500 


500 


All mice received 300 eggs 


treatment 
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significant difference. There were 3 
deaths among 15 treated animals in the 
2nd week of treatment, indicating that 
the dosage level employed was toxic. 
In experiment 3b treated mice, after 
receiving 7 doses of aureomycin, har- 
bored an average of 41 worms, which 
was also significantly lower than the 
number found in the controls. The aver- 


Effect of aureomycin on A. tetraptera worm burden in mice. 


Control mice 

Average 
worm 
burden 


Average 
worm 
burden 


Number 
of mice 


105 
15 
129 


/ 


* Difference in means /standard error of the difference in means. 
t Indicates significant difference between treated and control animals, with P <0.01. 


controls. In experiment 2b treated mice 
received 7 daily doses of aureomycin, 
beginning 7 days after infection. The 
average worm yield in the treated mice 
was 50, which was not significantly dif- 
ferent from the control animals, which 
averaged 57 worms. The average length 
of worms in treated animals was 1.10 
mm, which is significantly shorter than 
the 1.46 mm average length of worms 
from the controls. 

Experiment 3.—This experiment is a 
duplicate of experiment 2. In experi- 
ment 3a the treated animals, after re- 
ceiving 16 daily doses of aureomycin, 
harbored an average of 67 worms, which 
was significantly lower than the control 
yield of 102. The average length of 
worms in treated animals was 0.83 mm, 
and that of the controls 1.42 mm, a 


age length of worms from treated ani- 
mals was 1.17 mm, which was signifi- 
cantly smaller than the worms from 
control animals. 

Experiment 4.—This experiment is 
also a duplicate of experiment 2. In 
experiment 4a treated mice, after re- 
ceiving 16 daily doses of aureomycin, 
harbored an average of 5 worms as 
compared to 118 worms in control ani- 
mals, a highly significant difference. 
The average length of worms in treated 
animals was 0.75 mm and in control 
mice 1.29 mm, a highly significant 
difference. In experiment 4b treated 
mice, after receiving 7 daily doses of 
aureomycin, harbored an average of 5 
worms, identical with the yield from ani- 
mals receiving the 16 day treatment. 
The average length of worms in the 
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treated animals was 0.83 mm, signifi- 
cantly smaller than worms from control 
animals. 

Experiment 5.—Experiments 5 and 
6 were designed to determine the effect 
of aureomycin on older worms. In ex- 
periment 5 aureomycin was adminis- 
tered 7 days after infection and con- 
tinued for 14 days. Mice were autopsied 
21 days after infection. The average 
worm yield in treated animals was 5 as 


TABLE 2 


Treated mice 


Exp. no. r 
>. Re Number of 
worms measured 


Average worm 
length (mm) 


50 1.24 
50 1.34 


33 95 


.26 
41 3.40 


worms measured 


HELEN S. WELLS 


difference. Three of 15 treated 
mice died during the 2nd week of ther- 
apy, confirming that the dose employed 
was toxic. Of the 12 treated animals, 1 
contained no female worms, 3 contained 
females with no eggs, and 7 contained 
gravid females with uteri partially filled 
with eggs. All control 
animals were fully gravid. Eggs from 
worms of treated mice became embryo- 
nated on incubation. 


cant 


worms from 


Effect of aureomycin on lengths of A. tetraptera. 


Control mice 
Number of Average worm 
length (mm) 


50 1.55 


4.6f 

18.0 
50 

6.8T 
48 3 11.7f 


50 5.0T 


In each experiment worms from 5 animals were measured. Wherever possible 10 worms were measured from each animal 


See footnotes under table 1. 


compared with a control yield of 100. 


Worm measurements were made only of 


females because by this time in the life 
cycle the male and female worms differ 
in size. In treated animals the average 
female worm length was 1.26 mm and 
those from control mice 3.31 mm, a 
significant difference. 

Ex periment 6.—In experiment 6 treat- 
ment was begun 14 days after infection 
and continued for 14 days after. Mice 
were autopsied after 28 days of infec- 
tion at a point in the life cycle when 
normally female worms are gravid and 
eggs are passed in the feces. The average 
worm yield in treated animals was 72, 
and in controls 154, a significant differ- 
ence. In treated animals the average 
worm length was 3.40 mm and that of 
the control mice was 4.15 mm, a signifi- 


Bacitracin 

Experiment 7.—The treated mice re- 
ceived bacitracin in 16 daily, oral doses 
of 20,000 units/kg, beginning 2 days 
prior to infection with Aspiculuris. On 
the 
average worm yield in treated animals 
was 30 and in the controls 80, a signifi- 


autopsy 14 days after infection 


cant difference. The average length of 
worms from treated animals was 0.79 
mm and in controls 1.44 mm, a signifi- 
cant difference. 

Experiment 8.—Treatment was initi- 
ated 7 days after infection and con- 
tinued for 7 days. The average worm 
vield in treated animals was 95, which 
was higher than that of the control 
vield of 80 but was not significantly 
different. The average length of worms 
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TABLE 3.—Effect of bacitracin on 


Treated mice 


Total days of 
treatment, 
20,000 
units /kg 
daily 


Day of 
infection 
treatment 
was 
initiated 


Exp. no Number 


ot mice 


7 § - 16 
8 > 
9 
10 


7 
14 
i4 


All animals received 300 eggs. 
See footnotes under table 1. 


from the treated animals was 1.09 mm, 
significantly smaller than worms from 
controls, which average 1.44 mm. 

Experiment 9.—Treatment was begun 
7 days after infection and continued for 
14 days. At autopsy 21 days after in- 
fection, the average worm burden in 
treated mice was 8, significantly less 
than the controls’ yield of 31. The 
average length of female worms from 
treated animals was 1.75 mm, signifi- 
cantly smaller than the average length 
of 3.15 mm from 
mice. 

Experiment 10.—Treatment was ini- 
tiated 14 days after infection and con- 
tinued for 14 days. On autopsy 28 
days after infection the average worm 


of worms control 


yield in treated animals was 21, not sig- 
nificantly different from the controls’ 
yield of 34. The average length of female 
worms from treated animals was 3.67 
mm and that of the controls 4.18 mm, 
a significant difference. All of the control 
mice contained gravid female worms. In 
contrast of 15 treated animals, 3 har- 
bored no females, 1 contained females 
with empty uteri, 2 contained females 


TABLE 4 


Treated mice 
Number of 
worms measured 


Exp. no Average worm 


length (mm) 

46 
50 
33 
44 


0.79 
1.09 
1.75 
3.67 


A. tetraptera worm burden in mice. 


Control mice 


Average 
worm yield 


Number 
of mice 


Average 
worm yield 


with partially filled uteri and 9 har- 
bored females with -uteri packed with 
eggs. Eggs from treated animals became 
embryonated on incubation. 


Polymyxin B 

Experiment 11.—Treated mice _ re- 
ceived 16 daily doses of 500 mg/kg of 
polymyxin B, beginning 2 days prior 
to infection. On autopsy 14 days after 
infection, the average worm yield in 
treated animals was 28, not significantly 
different from that of the gontrol mice 
yield of 39. The average length of 
worms from treated animals was 1.27 
mm, which was significantly smaller 
than the average of 1.38 mm of worms 
from the control animals. 

Experiment 12.—Treatment was ini- 
tiated 7 days after infection and con- 
tinued for 7 days. The average worm 
vield in treated animals was 32, not 
significantly different from the control 
yield of 39. The average length of 
worms from treated animals was 1.31, 
not significantly different from the aver- 
age length of 1.38 mm of worms from 
control animals. 


Effect of bacitracin on lengths of A. tetraptera. 


Control mice 
Number of 
worms measured 


Average worm 
length (mm) 


1.44 1: 
1.44 1 
3.15 1 
4.18 


In each experiment worms from 5 animals were measured. Wherever possible 10 worms were measured from all animals, 
See footnotes under table 1. 
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TABLE 5.—Effect of polymyxin B on A. tetraptera worm burden in mice. 


Treated animals 
Total days 
of treatment 
500 mg/kg 
daily 


Day of infection 
treatment was 
initiated 


Exp. Number of 
no. mice 


11 15 
12 15 


All mice received 300 eggs. 
See footnotes under table 1. 


DISCUSSION 

bacitracin and 
myxin B show action similar to that 
exhibited by terramycin (Wells, 1951a) 
in A. tetraptera infections in mice. With 
oral therapy aureomycin and bacitracin 
both reduce the worm burden, and the 
remaining worms are considerably re- 
duced in size. Treatment with poly- 
myxin did not reduce the worm burden 
but did result in a diminution of the 


Aureomycin, poly- 


size of worms in treated animals. 

In doses of 500 mg/kg aureomycin ap- 
to terramycin in 
activity. It Is difficult to make detailed 
comparison of efficiency because in the 
case of aureomycin we were working in 


pears to be equal 


a toxic range. It is obvious, however, 
that aureomycin exerts a more rapid 
effect on the worm. Even with inade- 
quate dosage at the rate of 160 mg/kg, 
aureomycin significantly reduced the 
worm’s size in 7 days. In 2 of 3 experi- 
ments at a dosage level of 500 mg/kg, 
7 days of treatment seemed to be as 
effective as prolonged treatment. In 
TABLE 6.—Effect of polymyxin B on lengths 
of A. tetraptera. 


Treated animals Control animals 


Num- 
ber of 
worms 
meas- 
ured 


Num- 

I _ ber of 
si worms 
meas 

ured 


Average 
worm 
length 
(mm) 


Average 
worm 
length 
(mm) 


I 
i 4.4t 
1.31 50 1.38 1.5 


il 49 1.27 $0 1.38 
12 50 


In each experiment worms from 5 animals were measured. 
Wherever possible 10 worms were measured from all ani- 
mals. 

See footnotes under table 1. 


Control animals 
Average 
worm 

yield 


Average 
worm 
yield 


Number of 
mice 


28 15 39 
32 15 39 


experiment 4 the worm burden in mice 
given 16 days of treatment was the same 
as those given 7 days of treatment, and 
there was little difference in size. Al- 
though only one experiment was con- 
ducted with terramycin, administered 
for 7 days at the rate of 500 mg/kg, 
the worms were found to be neither re- 
duced in size nor number. Wells et al 
(1951) and Loughlin et al (1951) re- 
ported successful therapeutic trials with 
terramycin in the treatment of infection 
with the human pinworm Enterobius 
vermicularis. Unpublished clinical data 
(Shookoff and coworkers) indicate that 
aureomycin is also effective in the treat- 
ment of enterobiasis. 

The effect of bacitracin young 
larval forms is similar to that of terra- 
mycin and aureomycin. Older worms, 
however, were not appreciably affected 
by this antibiotic. The adult female 
worms, although smaller in size than the 
controls, did not show impairment of 
fecundity in 9 of 15 animals. Since fully 
gravid females developed during the 
course of treatment, it appears that 
bacitracin 


on 


exerts a more superficial 
effect on the worm than either aureo- 
mycin or terramycin. 

The results with polymyxin B are 
suggestive of the action of aureomycin 
with inadequate dosage. It is possible 
that increased dosage of polymyxin B 
might result in a more pronounced 
activity. 

It should be emphasized that the 
antibiotics exert their most profound 
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effects on the young larvae of A. tetra- 
ptera. We do not know whether this 
holds true :n infections with EF. vermi- 
cularis. Loughlin et al (1951) report the 
recovery of dead eggs of E. vermicularis 
on scotch tape swabs taken during the 
first few days of therapy with terra- 
mycin. It is apparent that we are screen- 
ing drugs agains A. tetraptera for use 
in human enterobiasis with a 
resistant the 


more 


parasite than human 


form. 
SUMMARY 


1. Data on the effects of aureomycin, 
bacitracin and polymyxin B on infec- 
tions with the mouse pinworm, Aspicu- 
luris tetraptera, are presented. 

2. Aureomycin and bacitracin both 
decrease 


the worm burden and stunt 
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i . “0 
remaining worms. Polymyxin_B re- 


duces the size of worms only. 
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It has already been established that 
sulfonamides may significantly increase 
the innate susceptibility of an animal 
to a particular parasite' but that this 
effect depends upon a critical tissue 
level, measured by the concentration 
of the drug made available in the stand- 
ard maintenance diet. Thus, it was 
shown, on the basis of changes in odcyst 
density, that sulfanilamide and sulfa- 
diazine administered in 0.1% concentra- 
tion in the diet increased the suscepti- 
bility of the mosquito Aédes aegypti to 
the avian malarial parasite Plasmodium 
but that no significant 
effect could be produced when the con- 
centration of these compounds was in- 


gallinaceum, 


creased to 0.2%. The present paper is 
a continuation and an extension of that 
study. 


MATERIALS AND METHODS 


In these experiments, laboratory strains of A. 
aegypti and Anopheles quadrimaculatus were in- 
fected with the 8A strain of P. gallinaceum. The 
compounds to be evaluated were added in various 
concentrations to a 4% sugar solution used as the 
infected 
no mortality in either the 
control groups (4% sugar alone) or the experi- 


standard maintenance diet for mos- 


quitoes. There was 
mental groups (4% sugar plus drug) during the 
time required to complete an experiment, and the 


mosquitoes fed readily on all solutions. The 
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mosquitoes were set up in plastic cylinders in 
groups averaging 45 females, and for each experi- 
ment mosquitoes of the same age derived from 
the same larval colony were used. The sugar and 
drug solutions were made available to the adult 
mosquitoes 24 hours after emergence. Seventy- 
two hours after drug administration had been 
started the mosquitoes were exposed to a chick 
infected with P. gallinaceum. Each group of 
mosquitoes maintained on a specific drug diet 
was paired with its control group, and both 
groups were fed simultaneously on a single bird. 
This same bird was used as the source of infection 
for all the paired groups within an experiment. 
Following the blood meal, the unfed females were 
removed from the cylinders. Meanwhile, drug 
administration was usually continued until the 
completion of an experiment. 

In evaluating the intensity of the parasitism in 
the mosquito the procedure was to count the 
number of odcysts present on the entire stomach 
at a magnification of approximately 400 diame- 
ters. Since the amount of blood taken up by the 
mosquito determines the parasite dosage, and this 
could affect the level of parasitism, such variation 
was controlled by producing adult mosquitoes 
of nearly uniform size. Odcyst counts were done 
on the fifth, sixth, and seventh day of the infec- 
tion, the day of the infective blood meal being 
designated as 0 day. 


RESULTS 

The essential effect of the sulfona- 
mides on the innate susceptibility of A. 
aegypti to infection by P. gallinaceum 
has already been demonstrated,! but 
since in these original experiments only 
two drug-diet concentrations were stud- 
ied, it was considered necessary to deter- 
mine the effects of these compounds 
through a wider range of concentrations. 
In figure 1, as in all similar figures, each 
point represents an individual mosquito, 
while the level of infection, or the total 
number of odcysts present on the stom- 
ach wall of each, is shown by the verti- 
cal scale at the left of the figure. The 
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total number of points within a column 
represents the number of mosquitoes dis- 
sected from an experimental or a control 
group. To avoid repetitious reference 
to statistical procedures, it may be 
noted here that all differences between 
groups, cited in the text, were tested for 
significance by the method of chi square 
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the other paired groups within an ex- 
periment were fed in sequence on the 
same chick. The data of this experiment 
show that at a 0.01% concentration of 
sodium sulfadiazine there is no evident 
drug effect and thus no discernible in- 
crease in parasitism among the indi- 
viduals in the experimental group 170-02 


° go> gorRoggR go 00 ogo og 0 





170-01 170-02 


170-05 | 170-06 | 


170-03 | | 170-04 } 

CONTROL .05% 
SULFA- 
DIAZINE 


CONTROL O1% 
SULFA- 
DIAZINE 


TROL I% 


SULFA- SULFA- 
DIAZINE 


DIAZINE 


Fic. 1. 


-A comparison of the oécyst densities of control groups of A. aegypti maintained on diets of 


4% sugar and infected with P. gallinaceum and of simultaneously infected experimental groups main- 
tained on 4% sugar with various concentrations of sodium sulfadiazine added. 


as well as by the Mathieson solution.? 
To facilitate discussion or illustration, 
differences have been occasionally cited 
in terms of median values alone, but 
these differences are actually based on 
the analyses indicated above. 

In the typical experiment cited in 
figure 1, as in all the experiments with 
A. aegypti, each experimental group on 
a specific drug concentration was paired 
with a control group maintained on 
sugar alone. Each pair was fed simul- 
taneously on a single infected chick, and 
2. Statistical Memo. No. 4, Methods of making 


experimental inferences, Frankford Arsenal. 
Sept. 1946. 


as compared to its control group 170-01. 
Consequently, the distribution accord- 
ing to odécyst densities is approximately 
the same in both groups. With the con- 
centration of sulfadiazine increased to 
0.05% and 0.1%, however, the drug 
produced a pronounced increase in host 
susceptibility, a change which is evi- 
denced by the significantly higher odcyst 
counts of the individuals in the experi- 
mental groups 170-04 and 170-06 as 
compared to the oécyst counts of the 
mosquitoes in the respective paired con- 
trol groups 170-03 and 170-05. Thus, 
in both experimental groups the median 
oécyst count was approximately 50 








118 


oécysts higher than the median counts 
in the control indicating a 
marked increase in host susceptibility. 
It would appear that this effect of the 
drug on the host parasite balance is 
more pronounced at a 0.1% concentra- 
tion than at a 0.05% concentration, 
but it should be noted that there was a 
considerable fluctuation in the control 
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170-06 above that of the paired con- 
trol group 170-05. Thus, although the 
drug produces a significant increase in 
host susceptibility at both concentra- 
tions, the maximum effect appears to be 
at a concentration of 0.05%. At a con- 
centration of 0.3% sulfadiazine, how- 
ever, which is the maximum tolerated 
dose on this regimen, the effect of the 


@ = SULFADIAZINE 
O* PABA 





.0O1 .005 Ol 


05 


ORUG CONCENTRATION 


Fic. 2. 


Ihe concentration-action relations of sulfadiazine and para-aminobenzoic acid as shown 


by the fold increase in the median number of odcysts in treated mosquitoes as compared to the median 
number of oécysts in control mosquitoes with drug concentration on a logarithmic scale. 


groups. The median count in control 
group 170-03 was 14 odcysts, and in 
control group 170-05 it was 35.8 odcysts. 
Therefore, although the difference be- 
tween control and experimental groups 
Was approximately 50 oécysts in both 
cases, this difference represents more 
than a fourfold increase in experimental 
group 170-04 as compared to group 170- 
03, whereas this difference is a little 
more than a twofold increase in group 


drug is essentially eliminated. There is 
no significant difference in distribution, 
on the basis of odcyst densities, between 
the mosquitoes in experimental group 
170-08 and the individuals in control 
group 170-07, and it is obvious that 
at this higher concentration the drug 
no longer has any significant effect on 
the susceptibility of the host. Thus, it 
is evident that (a) sulfadiazine has no 
effect on host susceptibility at drug con- 
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centrations below certain critical levels, 
(b) the maximal effect of the drug in 
this host-parasite relation depends upon 
a specifically limited range of drug con- 
centrations, and (c) at concentrations 
sufficiently above these critical levels 
the effect of the drug is no longer evi- 
dent and no significant change in host 
susceptibility can be produced. 
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sity level of all the mosquitoes within a 
group. Thus, these curves, based on 
comparative changes in odcyst density 
between experimental and_ control 
groups, show that the maximal effect 
of these compounds depends upon a 
critical drug-diet concentration and that 
at higher concentrations this specific 
effect is significantly decreased or elimi- 
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Fic. 3.—A comparison of the odcyst densities of control groups of A. aegypti infected with P. 
gallinaceum and similarly infected experimental groups maintained on para-aminobenzoic acid. 


This concentration-action relation, 
which has proven to be characteristic 
of all the compounds investigated thus 
far which elicit this specific effect on the 
the host-parasite association of A. 
aegypti and P. gallinaceum, is better il- 
lustrated by the concentration-action 
curves for sulfadiazine and for para- 
aminobenzoic acid shown in figure 2. 
In this figure the density ratio is the 
ratio of the median number of oécysts 
found in the experimental group to the 
median number of odcysts found in the 
control group, the median having proven 
to be, for certain purposes, the best 
single representation of the odcyst den- 


nated. It will, of course, require addi- 
tional points to define exactly these 
concentration-action curves, but the 
data from numerous experiments make 
it abundantly clear that these curves 
in figure 2 represent the essential char- 
acteristics of the concentration-action 
relations of these compounds in produc- 
ing their effects on host susceptibility 
or resistance. 

It has already been shown that para- 
aminobenzoic administered in 
excess along with effective concentra- 
tions of sulfadiazine, antagonizes the 
action of sulfadiazine and nullifiies its 
effects on the susceptibility of the host," 


acid, 
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In view of this fact, and in view of the 
accepted theoretical relation between 
the sulfonamides and para-aminoben- 
zoic acid,’ it is important to note that in 
this host-parasite relation, para-amino- 
benzoic acid in proper concentration 
produces an effect on the host-parasite 
equilibrium similar to the effects pro- 
duced by the This is 
shown by the experiment presented in 
figure 3. 

It is evident from these data that 
para-aminobenzoic acid administered in 
certain concentrations in the 
mosquito diet has produced a significant 
increase in the susceptibility of the mos- 
quito to the parasite. For example, in 
experimental group 171-18, maintained 
on 0.005% para-aminobenzoic acid, and 
in group 171-20, maintained on 0.01% 
para-aminobenzoic acid, there is an ex- 
treme shift upward in the oécyst counts 


sulfonamides. 


critical 


of the mosquitoes in these groups, as 


compared to the oécyst counts of the in- 
dividuals in their respective paired con- 
trol groups, 171-17 and 171-19, main- 
The median 
count in control group 171-17 is 59 06- 
cysts, while in 171-18 the median count 
is 134.5 odcysts; and in control group 
171-19 the median is only 17 odcysts, 
whereas in 171-20 the median has risen 
to 86.2 odcysts. Thus, in both experi- 
mental groups the parasitism is signifi- 
cantly higher and far more intense than 
in the respective control groups. On the 


tained on sugar alone. 


other hand, at a concentration above 
levels the effect of the 
drug has been either depressed or elimi- 
nated and the distribution according to 
oécyst density is the same in the experi- 


these critical 


mental group as it is in the control 
group. Consequently, in group 171-22, 
maintained ona concentration of 0.05% 


3. Woolley, D. W. 1947, Recent advances in the 
study of biological competition between struc- 
turally related compounds. Physiol. Rev. 27: 
308-333. 
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para-aminobenzoic acid, the median 
count is 103.5 odcysts, while in the con- 
trol group 171-21 the median count is 
102.8 odcysts, and it is obvious that at 
this level the drug no longer exerts any 
discernible effect on the host-parasite 
balance. Thus, para-aminobenzoic acid, 
like the sulfonamides, is able in cer- 
tain critical concentrations to produce 
changes in host-parasite equilibrium re- 
sulting in a pronounced increase in the 
susceptibility of the host to the para- 
site. Here, therefore, is a unique situa- 
tion in which sulfadiazine alone and 
para-aminobenzoic acid alone produce 
identical effects and yet in combination 
behave as competitive inhibitors. 

Even though sulfadiazine and para- 
aminobenzoic acid in critical concentra- 
tions both increase the susceptibility of 
A. aegypti to P. gallinaceum, there is ex- 
perimental evidence to indicate that 
they produce this effect through differ- 
ent mechanisms. To determine whether 
or not these compounds might be func- 
tioning through a related, if not the 
same, mechanism to produce this specif- 
ic effect on host immunity, they were 
administered together in concentrations 
below the minimal effective levels of 
each but which together might be as- 
sumed to approximate a critical or ef- 
fective concentration. Thus, 0.01, 0.02, 
0.025 and 0.03% concentrations of sul- 
fadiazine were administered, in the or- 
der given, along with 0.001, 0.002, 
0.0025 and 0.003% concentrations of 
para-aminobenzoic acid, according to 
the usual regimen. There was no discern- 
ible evidence in any of these experiments 
of an additive effect of these two com- 
pounds since there were no differences in 
distribution according to oécyst den- 
sity between control and experimental 
groups. If it is assumed that compounds 
related in their modes of action either 
potentiate one another or produce an 
additive effect, then, on the basis of 





ANTIBIOTICS AND METABOLITES IN IMMUNITY 


these experiments it appears that in pro- 
ducing this specific effect on host sus- 
ceptibility, sulfadiazine and para-ami- 
nobenzoic acid function through inde- 
pendent mechanisms. 

It may be of interest to digress mo- 
mentarily to illustrate the extreme vari- 
ation in infectivity to mosquitoes which 
may occur during short intervals of time 
in chicks parasitized by P. gallinaceum. 
It is this variability that makes it neces- 
sary always to pair a control group of 
mosquitoes with an experimental group 
and to infect both groups simultane- 
ously. In experiment 171, as in the other 
experiments, a pair of control and ex- 
perimental groups was fed simultane- 
ously and then each additional pair in 
the experiment was fed in sequence on 
the same chick. For example, the mos- 
quitoes of groups 171-17 and 171-18 
were fed first, then 170-19 and 171-20 
and finally 171-21 and 171-22, all on 
chick number 1996. Ordinarily, all the 
mosquitoes within a cylinder that are 
going to take a blood meal will have en- 
gorged at the end of ten minutes. Trans- 
ferring the chick from one pair of cylin- 
ders to the next may require an addi- 
tional five minutes. It will usually re- 
quire, therefore, one hour at most to in- 
fect the four pairs of cylinders of a typi- 
cal experiment. In this particular ex- 
periment, the total time elapsed be- 
tween the start and finish of the feedings 
was approximately 40 minutes. During 
that short interval, there was a striking 
and continued fluctuation in the infec- 
tivity of the chick to the mosquitoes, 
evidenced by the extreme changes in 
distribution according to odcyst density 
in each of the control groups. Thus, in 
a matter of 40 minutes, the median 06- 
cyst count dropped from 59 oécysts in 
group 171-17 to 17 odcysts in group 171- 
19, and then soared to 102.8 odcysts in 
group 171-21. Such fluctuations, al- 
though usually not as extreme as in this 
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case, have occurred in many experi- 
ments. It is obvious, therefore, that 
these changes in the infectivity of chicks 
infected with P. gallinaceum, to the 
mosquito A. aegypti, cannot be due, as 
it has been suggested,‘ to changes in the 
gametocytes related to the stage of the 
infection. Nor can these fluctuations in 
infectivity be due to the depletion of 
blood substances of the chick,® since the 
mosquitoes of group 171-21, fed last in 
this series, developed the highest 06- 
cyst counts of the control series, even 
though by this time the chick had been 
considerably weakened. Nor is this fluc- 
tuation in infectivity related to the body 
temperature of the chick, for its tem- 
perature may drop steadily as much as 
10 degrees F during the period it is being 
dexposed to the mosquitoes; and yet, 
during that interval of decreasing body 
temperature, its infectivit¥ to the mos- 
quitoes may increase, decrease, or re- 
main comparatively constant, following 
no consistent pattern related to the 
changes in body temperature. Thus far, 
the factors which determine these 
marked variations in infectivity of the 
chick to the mosquito remain obscure. 
It appears, however, that the odcyst 
density is simply a function of the num- 
ber of gametocytes taken up in the 
blood meal and that the variations in 
oécyst numbers from group to group 
may be due rather to rapidly occurring 
blood volume and circulatory changes 
in the chick. The range in oécyst counts 
within a given group of mosquitoes is 
determined, of course, by individual dif- 
4. Lumsden, W. H. R. and Bertram, D. W. 1940, 
Observations on the biology of Plasmodium 
gallinaceum in the domestic fowl, with special 
reference to the production of gametocytes 
and their development in Aédes aegypti. Ann. 
Trop. Med. 34: 135-160. 

. Cantrell, W. and Jordan, H. B. 1946, Changes 
in the infectiousness of gametocytes during the 
course of Plasmodium gallinaceum infections. 
J. Infect. Dis. 78: 153-159. 
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ferences in innate susceptibility or re- 
Weight measurements of the 
mosquitoes before and after feeding 
have shown no significant differences in 
the amount of blood taken up by the in- 
dividuals within a group, and careful 
gametocyte counts of the 
contents, made immediately 
after feeding, have shown a uniform dis- 
tribution of parasites throughout the 
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nobenzoic acid is independent of the 
variability illustrated above. In another 
experiment, the distribution of mosqui- 
toes according to oécyst density showed 
little variation and was essentially the 
same in all the control groups. Never- 
theless, the mosquitoes maintained on 
0.005 and 0.01% concentrations of para- 
aminobenzoic acid showed more than 
twofold and threefold increases in 06- 
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A comparison of the odcyst densities of control groups of A. aegypti infected with P. 


gallinaceum and similarly infected experimental groups maintained on aureomycin. 


group. It may be assumed, therefore, 
that the inoculum or the parasite dosage 
taken up in the blood meal is reasonably 
uniform for all the mosquitoes within a 
group and that the differences in the re- 
sulting odcyst counts are due essentially 
to differences in individual suscepti- 
bility or resistance. 

It is important to note that the in- 
crease in susceptibility of A. aegypti to 
P. gallinaceum produced by para-ami- 


those of the indi- 
viduals in the paired control groups. 
And again, at a concentration of 0.05%, 
the effect of the drug was eliminated and 
there was no discernible effect on the 
host-parasite equilibrium. 

The antibiotic like the 
sulfonamides and_ para-aminobenzoic 
acid, produces a similar effect on the 
host-parasite equilibrium by increasing 
the host susceptibility to infection. 


cyst counts above 


aureomycin, 


This 
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is demonstrated by the experiment cited 
in figure 4. From these data it is clear 
that in a concentration of 0.01% in the 
mosquito diet, aureomycin has mar- 
kedly increased the susceptibility of A. 
aegypti to P. gallinaceum. Whereas the 
median count in control group 164-13 is 
119 odcysts, the median count in experi- 
mental group 164-14 is 264.5 odcysts. 
Furthermore, while in the control group 
the highest individual count was 325 
odécysts, in the experimental group there 
were 11 individuals with counts above 
this figure, and the highest single count 
was over 650 odcysts. In general, ex- 
cept that aureomycin elicits its maxi- 
mum effect at a different concentration 
level, the pattern of its activity is simi- 
lar to that of the sulfonamides and para- 
aminobenzoic acid. At a concentration 
of 0.001% there is some effect on the 
host-parasite equilibrium, evidenced by 
the shift upward in the odcyst densities 
of the mosquitoes in group 164-10 as 
compared to the control group 164-09. 
At a concentration of 0.005%, aureo- 
mycin begins to manifest its effects on 
host susceptibility more markedly, pro- 
ducing a still further shift upward in the 
oécyst densities of the individuals in ex- 
perimental group 164-12. Administered 
in a concentration of 0.01%, the drug 
produces its maximal effect, as previ- 
ously indicated. With concentration in- 
creased to 0.04%, however, the effect of 
the drug has begun to decline even 
though the odcyst numbers of the mos- 
quitoes in group 164-16 are still signifi- 
cantly higher than the oécyst numbers 
of those in the paired control group. 
Thus, like the sulfonamides and para- 
aminobenzoic acid, aureomycin is effec- 
tive in increasing host susceptibility but 
only at certain critical concentrations, 
and in excess of these levels its effect is 
significantly depressed or eliminated. 
On the other hand, in spite of the 
similarity of effect and concentration- 
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action relation, the experimental evi- 
dence available at this stage of the study 
indicates that aureomycin exerts its ef- 
fect through mechanisms apparently 
unrelated to the mode of action of either 
the sulfonamides or para-aminobenzoic 
acid. Thus, 0.01% aureomycin, when 
administered in combination with 0.2% 
para-aminobenzoic acid, shows no loss 
in activity and produces the same de- 
gree of increase in host susceptibility as 
when it is administered alone, unlike 
the apparent competitive inhibition 
which occurs when para-aminobenzoic 
acid in excess is administered in combi- 
nation with critical concentrations of 
sulfadiazine.! Furthermore, there is no 
evidence of an additive effect when 
aureomycin in subminimal concentra- 
tions is administered along with submin- 
imal concentrations of para-aminoben- 
zoic acid. Thus, 0.001% aureomycin in 
combination with 0.001% para-amino- 
benzoic acid, a total concentration which 
might be assumed to have reached a 
critical level produces no demonstrable 
increase in the oécyst densities of the ex- 
perimental groups as compared to the 
control groups. It appears, therefore, 
that in spite of the fact that aureomycin, 
the sulfonamides, and para-aminoben- 
zoic acid all produce in critical concen- 
trations the same marked increase in 
host susceptibility by the same type of 
action pattern, nevertheless each com- 
pound apparently elicits itseffect through 
an individual mode of action. 
Streptomycin, also, administered 
in critical concentrations produces a 
marked increase in host susceptibility. 
At a concentration of 0.001% there is a 
significant increase in susceptibility, evi- 
denced by the greater o6cyst numbers ot 
the mosquitoes of the experimental 
groups as compared to the odcyst levels 
of the mosquitoes in the control groups. 
Streptomycin does not produce as 
marked an effect as aureomycin, the sul- 
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fonamides, or para-aminobenzoic acid, 
but its effect is evident 
producing in some experiments more 
than a two-fold increase in the odcyst 
numbers of the experimental groups as 


nevertheless, 


compared to the oécyst numbers of the 
control groups. At a concentration of 
0.005°% and at higher concentrations, 
streptomycin no longer has any effect, 
and experimental groups maintained on 
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Thus, in the experiment cited in figure 
5 the mosquitoes maintained on critical 
concentrations of folic acid developed 
significantly lower levels of parasitism 
when exposed to infection than did the 
normal control individuals maintained 
on sugar alone. For example, in control 
group 174-17 there were only three in- 
dividuals with counts below 50 odcysts, 
the least infected animal having a count 
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gallinaceum and similarly infected experimental groups maintained on folic acid. 


these higher concentrations, and con- 
trol groups, have the same level of infec- 
tion. 

All the compounds evaluated thus 
far in this host-parasite relation have 
been characterized by an ability to in- 
crease host susceptibility so that mos- 
quitoes maintained on these factors, 
when exposed to infection, have uni- 
formly developed higher infections than 
the mosquitoes maintained on sugar 
solutions alone. It is noteworthy, there- 
fore, that pteroylglutamic acid, or folic 
acid, has an exactly opposite effect and 
is characterized, instead, by an ability 
to increase host resistance. 


of 45 odécysts, whereas in experimental 
group 174-18, maintained on 0.001% 
folic acid, there were 16 mosquitoes with 
counts below 50 oécysts, the counts rang- 
ing from 0 to 50 odcysts. The striking 
shift downward in the odcyst counts of 
the mosquitoes maintained on 0.001% 
folic acid is further evidenced by the 
fact that the median count in group 174- 
17 was 120.8 odcysts, whereas the me- 
dian count in experimental group 174-18 
dropped to 54 odcysts. It is obvious, 
therefore, that at this concentration the 
effect of folic acid on the host-parasite 
equilibrium has resulted in a significant 
increase in host resistance, characterized 
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by the significant reduction in odcyst 
numbers of the drug-fed mosquitoes. At 
a concentration of 0.005%, folic acid still 
produces a significant increase in host 
resistance although its effect has ob- 
viously declined. Thus, the median 
count in control group 174-19 is 119 06- 
cysts, while in experimental group 174- 
20 the median count is 84 oécysts, which 
represents a difference that is significant 
but not as marked as the differences be- 
tween control groups and experimental 
groups maintained on 0.001% folic acid. 
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these experiments were repeated using 
the same parasite but with Anopheles 
quadrimaculatus as the host animal. To 
determine the basic differences in infec- 
tivity to P. gallinaceum between A. 
quadrimaculatus and A. aegypti paired 
groups of each species were fed on a 
series of different chicks with varying 
degrees of infection. It is evident from 
the data summarized in table 1 that A. 
quadrimaculatus is significantly more re- 
fractory to infection by P. gallinaceum 
that is A. aegypti. In this series, only 


TABLE 1.—A comparison of the rate of infection and the degree of infection of laboratory strains of 
A. aegypti and A. quadrimaculatus simultaneously infected with P. gallinaceum. 


Number of odcysts per mosquito 


1-99 100-299 


A. aegypli 188 63 
4. quadrimaculatus 69 15 


Again, even though opposite in effect, 
folic acid, like the sulfonamides, para- 
aminobenzoic acid, and the antibiotics, 
has no further effect on the host-para- 
site equilibrium at concentrations suffi- 
ciently above the critical levels. At a 
concentration of 0.05% the effect of the 
drug on host resistance is essentially 
eliminated, and there is no significant 
difference in distribution according to 
oécyst density between the mosquitoes 
in control group 174-23 and the indi 
viduals in experimental group 174-24. 
Thus, in its concentration-action be- 
havior, folic acid, which is able to in- 
crease host resistance in this host-para- 
site relation, acts in a manner similar to 
the compounds which ihcrease host sus- 
ceptibility. 

To provide evidence that this specific 
effect of antibiotic or metabolite on sus- 
ceptibility or resistance is fundamental 
to the mechanism of innate immunity in 
host-parasite relations in general, rather 
than an isolated phenomenon unique 
to a single host-parasite combination, 


300-499 


Number of mosquitoes 


Total 


mosquitoes 


Percent 
infected 


Number 


$00 + infected 


8 2 209 261 
5 204 101 


97.0 
38.3 


38.3% of the Anophelines developed in- 
fections whereas 97.0% of the Aédes be- 
came parasitized. 

It is of that even 
though A. quadrimaculatus is much 
more resistant to infection by P. galli- 
naceum than is A. aegyptt, nevertheless 
among the individuals that do become 
infected there are a significant number 
that develop infections far more intense 
than the infections in the A. aegypti. For 
example, among the 264 A. quadrima- 
culatus dissected, there were 12 indi- 
viduals with counts above 500 odcysts, 
and of these, seven had counts well 
above 600 odcysts, while three had 
counts estimated to be above 900 o06- 
cysts. On the other hand, among the 
269 A. aegypti dissected, there were only 
two mosquitoes with counts above 500, 
and the highest count recorded was 520 
oécysts. Thus, there occur among the 
more resistant A. quadrimaculatus a sig- 
nificant number of individuals whose 
susceptibility to infection is even greater 
than that of the generally more suscep- 


interest to note 
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tible A. aegypti. It may be noted, too, 
that even in a susceptible species like A. 
aegypti there is a well defined resistance 
to infection by P. gallinaceum. From de- 
terminations of the amount of blood 
taken up by the mosquito during an in- 
fective feed, gametocyte counts of the 
mosquito stomach contents after feed- 
ing, and blood counts and gametocyte 
counts of the chick used as the source of 
infection, it has been possible to estab- 
lish with reasonable accuracy the para- 
site numbers in the inoculum taken up 


TABLE 2. 
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taneously on the same infected chick. 
However, because chicks do not with- 
stand feeding by A. quadrimaculatus as 
well as they withstand feeding by A. 
aegypti, it was not usually possible to in- 
fect an entire experimental series on a 
single animal. Furthermore, because so 
many of the A. quadrimaculatus fail to 
develop infections, much larger num- 
bers of this species had to be used, and 
it was therefore necessary to combine 
the results of different series of experi- 
ments. The data presented in each of 


A comparison of the rate and degree of infection of control groups of A. quadrimaculatus 


maintained on 4% sugar and infected with P. gallinaceum and of simultaneously infected experimental 
zroups maintained on 4% sugar with various concentrations of 
g J 
para-aminobenzoic acid added. 


Number of odcysts per mosquito 


0 1-99 100-299 300-499 500+ rosquitoes 


Number of mosquitoes 
Control 114 57 14 
0.01 PABA 113 82 iS 


Control 
0.1 PABA 
Control 
0.2 PABA 


Control 
0.4 PABA 


by the mosquito. From these data and 
from a subsequent determination of the 
obcyst counts of the mosquitoes infected 
with a known parasite inoculum, it has 
been, calculated that in general con- 
siderably less than 1% of the parasites 
succeed in becoming established in the 
host mosquito. As the experiments in 
this study show, this parasite mortality 
must be due in a large measure to the 
immune mechanisms of the host rather 
than to a lack of viability on the part of 
the parasite. 

The same techniques and methods 
used with A. aegypti and P. gallinaceum 
were used with A. quadrimaculatus and 
P. gallinaceum, and similarly, each ex- 
perimental group was paired with a con- 
trol group and both fed 


were simul- 


P values for differences 


Total Number between groups 


Percent 
infected 


infected 


Number Degree of 
infected infection 


191 77 
219 106 





0.20 


310 124 
299 160 


301 119 
315 164 


267 90 33. 
250 86 ; 0.90 


<0.01 


<0.01 <0.01 


0.90 


the following tables represent a sum- 
mary of the results of 10 to 15 series of 
experiments with each of the 
pounds studied. 

The data presented in table 2 show 
that para-aminobenzoic acid, over a 
wide range of concentrations, has in- 
creased the innate susceptibility of A. 
quadrimaculatus to infection by P. galli- 
naceum to an extent such that signifi- 
cantly greater mumbers of the mosqui- 
toes maintained on this metabolite de- 
veloped infections, in comparison to the 
individuals maintained on sugar alone. 
For example, 48.4% of the mosquitoes 
maintained on 0.01% para-aminoben- 
zoic acid developed infections, while 
only 40.3% of the control animals be- 
came infected. At higher concentrations 


com- 
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the differences become even more pro- 
nounced, so that whereas 53.5% of the 
mosquitoes maintained on 0.1% para- 
aminobenzoic acid and 52.1% of those 
maintained on 0.2% para-aminoben- 
zoic acid became infected, only 40.0% 
of one control group and 39.5% of the 
other control group developed infec- 
tions. On the other hand, in concentra- 
tions above these levels para-aminoben- 
zoic acid had no discernible effect on the 


host-parasite equilibrium, and while 
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oécysts ana only nine individuals with 
counts above 500 oécysts. Furthermore, 
among the mosquitoes maintained on 
0.1 and 0.2% para-aminobenzoic acid 
the counts ranged above an estimated 
1200 oécysts, whereas the highest count 
recorded among the control mosquitoes 
was an estimated 900 odcysts. On the 
other hand, in the group maintained on 
0.01% 
though the infection rate was higher 
than that of the controls, nevertheless 


para-aminobenzoic acid, even 


TABLE 3.—A comparison of the rate and degree of infection of control groups of A. quadrimaculatus 
infected with P. gallinaceum and similarly infected experimental groups maintained on sulfadiazine. 


Number of odcysts per mosquito 


1-99 100-299 300-499 500+ 


Number of mosquitoes 


Control 109 19 8 
0.001 Sulfa 98 24 10 


Control 109 14 5 
0.01 Sulfa 96 16 5 


Control 136 24 
0.1 Sulfa 50 8 


Control 96 24 
0.2 Sulfa 33 2 


34.4% of the mosquitoes maintained on 
0.4% para-aminobenzoic acid developed 
infections, the infection rate remained 
essentially the same in the controls in 
which 33.7% of the individuals became 
parasitized. 

In addition to increasing the suscepti- 
bility of A. quadrimaculatus to P. galli- 
naceum to an extent whereby more in- 
dividuals in a given population become 
infected, para-aminobenzoic acid also 
effects an increase in the degree of infec- 
tion so that among the infected mos- 
quitoes greater numbers develop signifi- 
cantly heavier infections. Thus, in the 
two experimental groups maintained on 
0.1% and 0.2% para-aminobenzoic acid, 
there were 30 mosquitoes with counts 
above 300 oécysts and 52 mosquitoes 
with counts above 500 oécysts, while in 
the controls of these groups there were 
13 mosquitoes with counts above 300 


P values for differences 
Total Number between groups 
mosquitoes infected i 


Percent e 
infected 


Number 
infected 


Degree of 
infection 


140 42. 


135 40.5 0.75 


0.60 


129 40. 


118 35 0.40 0.80 


173 49 


61 17. <0.01 


0,80 


<0.01 


128 45 - 
13 <0.05 


36 


the relative distribution according to 
oécyst density was approximately the 
same in both groups. And again, a con- 
centration of 0.4% para-aminobenzoic 
acid showed no effect on host suscepti- 
bility, and the frequency distribution 
according to odcyst density was the 
same in both experimental and control 
groups. 

It has been shown that in the host- 
parasite relation between A. quadrima- 
culatus and P. gallinaceum para-amino- 
benzoic acid suscepti- 
bility in a manner similar to its behavior 
in the relation between A 


increases host 


. Gegyptt and 
P. gallinaceum. It is important to note, 
therefore, that sodium sulfadiazine, on 
the other hand, reverses its effect in A. 
quadrimaculatus and is characterized in- 
stead by an ability to increase host re- 
sistance to P. gallinaceum. 

The data presented in table 3 show 
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that at 0.001% and 0.01% concentra- tion. In fact, as reference to table 3 
tions of sulfadiazine there is no evident shows, host resistance to infection was 
decrease in the rate of infection in the maximal at maximum tolerated doses so 
experimental groups as compared to that the least numbers of mosquitoes be- 
their respective control goups. With the came infected in the groups maintained 
concentration of sulfadiazine increased on 0.2% concentrations of sulfadiazine 
to 0.1% and 0.2%, however, the drug and these mosquitoes had the lightest 
produces a striking increase in host re- infections of any in the series. 

sistance, evidenced by the significantly Like sulfadiazine, aureomycin also re- 
lower infection rates in the drug treated verses its effect in A. quadrimaculatus 
groups. Thus, whereas only 17.4% of and produces instead an increased host 
the mosquitoes maintained on 0.1% sul- resistance to P. gallinaceum. At a con- 


raBLe 4.—A comparison of the rate and degree of infection of control groups of A. quadrimaculatus 
infected with P. gallinaceum and similarly infected experimental groups maintained on folic acid 


Number of odcytes per mosquito P values for differences 

_ 7 between groups 

, . Perc < 

1-99 100-299 300-499 S00+ mequitoes infected infected > 
_— - . Number Degree of 
Number of mosquitoes infected infection 


Control 80 20 2 3 , 
0.01 PGA 60 1S 7 228 37 3 0.20 0.50 


Control 90 2 7 
0.1 PGA 69 5. 0.01 <0.01 


Control 87 J 
1.0 PGA 51 57 <0.01 <0.01 


Co 1 1 74 


ntro 4 
2.0 PGA 225 28 k $3 2.8 <0.01 0.01 


fadiazine and 13.1% of the mosquitoes centration of 0.001% aureomycin has 
maintained on 0.2% sulfadiazine be- little effect, and there is no significant 
came infected, 49.6% of the mosquitoes decrease in the rate of infection of the 
in the one control group and 45.7% of experimental groups as compared to the 
the individuals in the other control control groups. At a concentration of 
group developed infections. This effect 0.005%, however, aureomycin has a 
on host resistance was further evidenced marked effect, and host resistance is in- 
by the fact that the drug-fed mosqui- creased to the extent that only 35.8% of 
toes developed extremely light infec- the experimental animals developed in- 
tions as compared to the level of infec-  fections as compared to 49.5% of the 
tion in the respective control mosqui- control mosquitoes. With concentration 
toes. Consequently, while there were increased to 0.01% aureomycin pro- 
only 14 mosquitoes with counts above duced a further striking increase in host 
100 odcysts in the groups maintained on resistance to infection, so that only 
(0.1 and 0.2% sulfadiazine, there were 70 19.8% of the drug-fed mosquitoes be- 
mosquitoes with odcyst counts above came parasitized, whereas 48.8% of the 
this figure in the control groups main- control mosquitoes maintained on sugar 
tained on sugar. Finally, it is of interest developed infections. And again, the et- 
to note that in A. quadrimaculatus in- fect on host resistance was further evi- 
fected with P. gallinaceum, unlike its denced by the lower oécyst densities in 
concentration-action in behavior in A. the mosquitoes maintained on aureo- 
aegypti infected with P. gallinaceum, mycin as compared to the mosquitoes 
sulfadiazine showed no diminution in maintained on sugar alone. 

its activity with increasing concentra- On the other hand, like para-amino- 
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benzoic acid, folic acid does not reverse 
its effect in a new host but, as shown in 
table 4, produces the same increase in 
host resistance in A. quadrimaculatus in- 
fected with P. gallinaceum as it did in A. 
aegypti infected with this parasite. 
Thus, administered in a concentration 
of 0.001%, folic acid begins to show evi- 
dence of increasing host resistance to in- 
fection. With increasing concentration 
there is a corresponding increase in host 
resistance so that at maximum tolerated 
doses folic acid produces its maximum 
effect on the host-parasite equilibrium. 
The infection rate in the mosquitoes 
maintained on 0.1% acid was 
12.1% lower than the infection rate of 
the control mosquitoes, 26.5% lower in 


folic 


the mosquitoes maintained on 1.0% 
folic acid, and finally, 31.3% ‘lower in 
the mosquitoes maintained on 2.0% folic 
acid than in the respective control mos- 
quitoes. And again, the increase in host 
resistance was further reflected in the 
lower parasitemias in the mosquitoes 
maintained on folic acid as compared to 
the control mosquitoes maintained on 
sugar. There were only 11 mosquitoes 
with counts above 100 oécysts in the 
groups administered 1.0% and 2.0% 
folic acid, whereas there were a total of 
84 mosquitoes with more than 100 06- 
cysts in the two control groups. Finally, 
it may be noted that even though folic 
acid does -not reverse its effect in the 
new host, nevertheless, in its concentra- 
tion-action relations it does not behave 
in A. quadrimaculatus as it does in A. 
aegypti. Unlike its activity in A. aegypti, 
in which host resistance was not af- 
fected above critical concentrations, it 
has been shown that in A. quadrimacu- 
latus the activity of folic acid continued 
to increase with increasing concentra- 
tion and it produced its maximum effect 
at maximum tolerated doses. 


DISCUSSION 


It has been impossible thus far to de- 


129 


sign and execute an experiment that can 
show unequivocally whether the effects 
of these compounds on the host-parasite 
relation are directly on the host or on 
the parasite. However, a consideration 
of the behavior and the characteristics 
of these drugs and metabolites in this 
relation indicates that 
they produce their effects essentially on 
the host rather than on the parasite. In 
the first place, it has already been shown 
that sulfadiazine inhibits the develop- 
ment of P. gallinaceum in A. aegypti.’ It 
appears unlikely, therefore, that a com- 
pound which can at one time arrest the 
development of the parasite could at 
another stage enhance the virulence or 
invasive powers of the same parasite. 
Secondly, produces the 
same inhibitory effect on the parasite in 
A. quadrimaculatus as it does in A. 
aegypti, so that insofar as effect on the 
parasite is concerned metabolism of the 
drug is the same in both hosts. Never- 
theless, in A. quadrimaculatus sulfadia- 
zine reverses the effect on host im- 
munity that it produced in A. aegypti 
and in this case produces instead an in- 
creased host resistance to infection with 
P. gallinaceum. Like sulfadiazine, aureo- 
mycin, which has a similar inhibitory 
effect on P. gallinaceum in either host, 
increases susceptibility to P. gallina- 
ceum in A. aegypti and then reverses its 
action and increases resistance to this 
parasite in A. quadrimaculatus. 
Furthermore, although sulfadiazine 
and aureomycin, which are able to pro- 
duce changes in host resistance or sus- 
ceptibility, have a specific inhibitory ef- 
fect on the parasite, nevertheless, strep- 
tomycin, para-aminobenzoic acid, and 
folic acid, which are similarly able to af- 
fect host immunity, have no discernible 


host-parasite 


sulfadiazine 


6. Terzian, L. A., Stahler, N. and Weathersby, 
A. B. 1949, The action of antimalarial drugs 
in mosquitoes infected with Plasmodium gal- 
linaceum. J. Infect. Dis. 84: 47-55. 
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effect whatsoever on the parasite, nei- 
ther inhibiting nor accelerating any 
stage of the parasite developmental 
cycle. The ability of these compounds to 
produce changes in host reaction to in- 
fection, therefore, is completely unre- 
lated to any possible effects on the para- 
site. Thus, there is ample reason to as- 
sume that these compounds produce 
their specific effects by interfering, in 
some manner not yet understood but re- 
lated perhaps to hormonal balance, with 
the innate immunity mechanism of 
the host, and thus affecting the inher- 
ent balance in this host-parasite rela- 
tion. 

It is important to note, too, that the 
sulfonamides, the antibiotics, and the 
metabolites have a specific similarity of 
action and effect in their ability to pro- 
duce changes in host susceptibility or re- 
sistance to infection. On the other hand, 
in spite of the similarity in effect the evi- 
dence thus far indicates that each com- 
pound acts through an independent 
mechanism, the nature of which has not 
yet been characterized. 

It is of interest to note, too, that in 
producing these effects on host im- 
munity, the sulfonamides and antibi- 
otics appear to have greater potentiali- 
ties of action than do the metabolites. 
Thus, in either host, para-aminoben- 
zoic acid was able only to increase sus- 
ceptibility while folic acid consistently 
produced an increase in host resistance. 
On the other hand, sulfadiazine and 
aureomycin, both of which had _ in- 
creased the susceptibility of A. aegypti, 
were able to reverse the qualitative ef- 
fects of their action and to increase the 
resistance of A. quadrimaculatus. 

Finally, it is evident that these com- 
pounds have a fundamental relation to 
the mechanism of innate immunity 
and host-parasite specificity, a relation 
which may with other similar 
compounds and other host-parasite re- 
lations. 
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CONCLUSIONS 

1. It has been demonstrated quanti- 
tatively that specific biochemical com- 
pounds can influence the innate im- 
munity of a host to a parasite. Thus, it 
has been shown that in Aédes aegyptt 
sulfadiazine, para-aminobenzoic acid, 
aureomycin, and streptomycin, admini- 
stered in critical concentrations, in- 
crease host susceptibility to infection 
with Plasmodium gallinaceum, whereas 
folic acid increases host resistance to in- 
fection with this parasite. In addition, 
it has been shown that in Anopheles 
quadrimaculatus, again para-aminoben- 
zoic acid increases host susceptibility to 
P. gallinaceum and folic acid increases 
host resistance to this parasite, but that 
sulfadiazine and aureomycin, on the 
other hand, reverse their effects and both 
increase host resistance to infection. 

2. In A. aegypti, the maximum effects 
of sulfadiazine, para-aminobenzoic acid, 
folic acid, aureomycin, and streptomy- 
cin on the host-parasite equilibrium de- 
pend upon a specific optimal range of 
drug concentrations above which the 
specific effects of these compounds on 
susceptibility or resistance are depressed 
or eliminated. In A. quadrimaculatus, 
only para-aminobenzoic acid continues 
to show this concentration-action rela- 
tion, whereas sulfadiazine, aureomycin, 
and folic acid produce their maximum 
effects at maximum tolerated doses. 

3. It is evident that the sulfonamides, 
the antibiotics aureomycin and strepto- 
mycin, and the metabolites para-amino- 
benzoic acid and folic acid basically re- 
semble one another in their physiologi- 
cal activity and in their ability to pro- 
duce similar effects on host suscepti- 
bility or resistance to infection, even 
though they may produce these effects 
through different mechanisms. And 
finally, it is evident that these com- 
pounds have, in addition, a fundamen- 
tal relation to the mechanisms of innate 
immunity and host-parasite specificity. 
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In the western United States sylvatic 
plague is distributed over a wide geo- 
graphic area, and by June, 1950, Pas- 
teurella pestis (Lehmann and Neumann, 
1896) had been isolated from the tissues 
of 31 species of native wild rodents. One 
of the most frequent victims of plague 
in this area—Citellus beecheyi (Richard- 
son, 1829), the California ground squirrel 
—was the first animal to be studied by 
epidemiologists and ecologists, and the 
plague transmission ability of its fleas 
has been investigated in the laboratory. 
One of these fleas, Diamanus montanus 
(Baker, 1895), has been considered a 
vector of paramount importance, but 
reports of its vector efficiency conflict. 

Burroughs (1947) offered a theoreti- 
cally plausible explanation for the re- 
ported differences: that different popu- 
lations of D. montanus from widely sepa- 
rated geographic areas may transmit 
plague at different rates. The principal 
object of the present study was to in- 
vestigate whether the transmission po- 
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tential of this flea varied in selected, 
widely separated areas in central Cali- 
fornia. 

In addition, the plague transmission 
of Polygenis gwyni (Fox, 1914), a cotton 
rat flea regularly infesting both cotton 
rats (Sigmodon hispidus, Say and Ord, 
1825) and Norway rats (Rattus norvegi- 
cus, Erxleben, 1777) in the south and 
southwestern United States, was also 
investigated in an attempt to learn 
whether it could transmit plague among 
rodents. In areas inhabited both by in- 
fected cotton rats and susceptible Nor- 
way rats, plague might be transferred to 
the domestic rats by these fleas. 

Xenopsylla cheopis (Rothschild, 1903) 
was used to check the procedures before 
the primary experiments were begun 
and as a control, since its high vector 
efficiency is undisputed. 

D. montanus was first demonstrated 
to be capable of plague transmission 
by McCoy (1910). In one experiment 89 
fleas placed on a laboratory-infected 
ground squirrel later transmitted the 


infection to two of four guinea pigs; 
in another experiment 25 fleas removed 
from a dead laboratory-infected ground 


squirrel infected a _ second healthy 
ground squirrel. In Eskey and Haas’s 
study in 1941, 19 fleas were infected 
with plague. These were fed individually 
on healthy guinea pigs and two trans- 
mitted the infection. In their effort to 
precisely evaluate the plague vector 
efficiency of different species of fleas, 
Wheeler and Douglas (1941) originally 
assigned to D. montanus a vector effi- 
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TABLE 1. 


Specigs Place 


D. montanus 
Kern County, Calif. 


St. John, Glenn County, Sacramento Valley, Calif. 
Near Napa-Sonoma County Line, 4 miles east 


of Schellville on Highway 37, Calif. 
Calaveras Dam 


Santa Margarita, San Luis Obispo County, Calif 


San Joaquin Experimental Range, O'Neals, 


Madera County, Calif. : 
Grady and Brooks Counties, Georgia 
San Francisco 


P. gwyni 


X. cheopi 
* Past. pestis found in rodents or fleas. 


ciency of 1.14,* and to X. cheopis one 
of 0.39, but more extensive testing of 
these same species later gave slightly 
different results (Wheeler and Douglas, 
1945): 0.84 and 0.43, respectively, but 
D. montanus was still nearly twice as 
efficient as X. cheopis. In contrast, in 
another study (Burroughs, 1947) D. 
montanus was a very poor transmitter, 
while the vector efficiency of X. cheopis 
corresponded to that given in the former 
studies. 


MATERIALS AND METHODS 


Fleas.—Details about the sources of the fleas 
are given in table 1. The D. montanus fleas were 
collected from ground squirrels, and in all but 
two instances these field-collected fleas formed a 
breeding nucleus for a laboratory colony used for 
transmission experiments. In the two excepted 
instances the field-collected fleas were used di- 
rectly in experiments within a few days after they 
were brought to the laboratory. All of the locali- 
ties from which D. montanus were obtained had 
been surveyed for plague by the California State 
Department of Public Health. The existence of 
sylvatic plague in the areas where the fleas were 
collected was proved in two, but there was no 
evidence that plague was epizootic. The Cala- 
veras Dam area was the source of the D. mon- 
tanus tested by Burroughs (1947) and the San 
Joaquin Experimental Range the source of those 
used by Wheeler and Douglas (1945). 

The stock of X. cheopis (the same as that used 


* The vector efficiency is the quotient of the 


total number of transmissions by fleas given 
only one daily opportunity to feed on mice, di- 
vided by the total number of fleas used in the ex- 
periment. 


1} to 3 miles east of Castaic Lake (near Lebec). 


Alameda County, Calif. 


Source of the fleas. 


Year 


Plague 
collected 


Elevation, 
feet history* 
1941; 6 of 7 yr. 
1941-1946 
None 
None 


4000 1948 
1948 
1948 
1948 1933 
1942 
1924 
1925 
1946 
1947 
1948 
None 


1949 


None 
Many years 


by Burroughs, 1947) had been maintained con- 
tinuously in the plague laboratory of the Hooper 
Foundation for approximately five years. The 
original stock was collected from rats in San 
Francisco. 

Strains of Past. pestis.—The Shasta strain of 
Past. pestis (isolated from a human infection in 
the city of Mount Shasta, California in 1941) was 
used in all except one experiment because it is 
stable and highly virulent. Burroughs (1947) also 
used this strain in his flea transmission work. In a 
single experiment, SB258 (originally isolated 
from ground squirrels from San Benito County, 
California in 1946) was used. The strain used by 
Douglas and Wheeler (1943) was isolated from a 
naturally infected ground squirrel and it seemed 
advisable in attempting to repeat their work to 
used a plague strain of similar origin. 

The plague strains were maintained on blood- 
agar medium between passages through labora- 
tory mice and guinea pigs. For preparation of an 
inoculum, the organisms are grown for 24 hours 
in hormone beef-broth; then a portion of this cul- 
ture is transferred to a new beef-broth medium. 
This second culture is diluted after 24 hours to 
10-* in normal saline, and 0.2 ml (containing from 
20,000 to 40,000 organisms) are inoculated intra- 
peritoneally into white mice. Usually the mice 
died within 40 to 50 hours with intense bacter- 
emia. 

Flea-rearing in the laboratory.—Fleas were 
reared by the method described by Douglas and 
Wheeler (1943) and by Burroughs (1947). A 
cotton rat served as the host for P. gwyni. All 
other fleas were cultured with white rats as hosts. 

Infection and examination of fleas.—As white 
mice previously inoculated with Past. pestis ap- 
peared to be close to death, blood smears were 
made. When the ratio of plague bacilli to erythro- 
cytes was approximately 1:5, fleas were placed 
on the mouse. Mice with such an intense bac- 
teremia usually died in from 15 to 30 minutes and 
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the fleas were removed promptly from the dead 
hosts. Each flea was examined under the micro- 
scope to make sure that it had a bright red 
ventriculus, indicating that it had ingested in- 
fected blood. In order to make the examination, 
the flea was placed between a cover slip and glass. 
The ingested blood and other ventricular contents 
surged about because of the peristaltic action of 
the ventriculus. The pumping action of the 
pharyngeal pump, eggs in various stages of de- 
‘velopment, salivary glands, fat bodies, mal- 
pighian tubules, trachea and muscles could also 
be observed. 

Feeding and holding infected fleas—Usually 
immediately after the fleas had ingested blood, 
they were separated by microscopic examination 
according to sex and as many as 100 were held for 
from one to three days at from 65 to 72 F ina 
250-ml jar with a fairly tight-fitting cap, con- 
taining enough wood shavings to cover the bot- 
tom. 

After this one- to three-day fast, the vector 
ability of the flea was tested. One of two methods 
of feeding infected fleas separately was used. 
They were either left on the mouse to feed at will, 
or they were retained in vials and fed at definite 
intervals. In the former instance, mice were held 
singly for one to 43 days in one-quart jars con- 
taining a thin layer of sawdust and capped with a 
wire mesh cover. They were not given water, but 
a cube of carrot was provided, along with their 
usual diet of rolled oats, three times a week. The 
jars were retained in five-gallon crocks to prevent 
escape of any fleas that might crawl out of the 
jars. 

X. cheopis frequently remained on the mouse 
near the base of its tail; D. montanus rested in the 
sawdust in the bottom of the jar rather than on 
the mouse. Mice occasionally removed and killed 
the fleas by biting. X. cheopis and D. montanus 
were killed in this way infrequently, but P. 
gwyni apparently irritated the mouse and was 
killed, as a rule, within a few minutes after being 
placed on it. 

These conditions simulated the natural ones 
more closely than did those provided in glass 
tubes (Verjbitzki, 1908; Eskey and Haas, 1940; 
Douglas and Wheeler, 1943; Burroughs, 1947) 
because adult fleas could be left with the hosts for 
for days and feed at will. The possibility of trans- 
mitting plague is also increased. Transmission by 
a flea whose alimentary tract is blocked by a plug 
containing Past. pestis is more likely to follow 
prolonged efforts to feed than shorter attempts 
(Eskey and Haas, 1940; Burroughs, 1947). 

By the second method (Douglas and Wheeler, 
1943; Burroughs, 1947), each flea was placed in a 
separate small glass screw-cap shell vial with a 
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metal cap. A perforation in the cap was covered 
by no. 72 grit silk gauze. These vials were stored 
at 70 F in a desiccator over a saturated solution 
of potassium dichromate (relative humidity at 
70 F =50%). 

When a flea was to be fed on a normal mouse, 
the metal cap was removed and the vial and 
mouse were placed in a holder (described by 
Burroughs, 1947). The flea was allowed to feed 
for from 4 to 14 hours once a day from one to 
nine days on the clipped belly of the same mouse. 
Mice were observed for at least 21 days after the 
last exposure. Transmission was recorded only if 
Past. pestis was cultured from heart blood of the 
dead mouse. 

The white mice used were of various strains ° 
and diverse ages. Mouse resistance, if present, did 
not influence the results, as is evident in the re- 
sults obtained with control experiments using the 
same stock of mice. Limitations of time and 
laboratory space prohibited supplying a new 
mouse to each flea every day, but mice were 
changed often enough so that it is known that 
transmission occurred within a period of a few 
days. The object of the experiments was to de- 
termine whether, not when, Past. pestis was trans- 
mitted. 

Experiments were either terminated after a 
definite number of days, usually 21, or were con- 
tinued until all fleas died, depending on the con- 
ditions of the individual experiment. Previous 
plague transmission experiments indicated that 
X. cheopis and D. montanus rarely transmit after 
more than 21 days after the infectious meal (a 
meal of plague-infected blood), and usually few 
of these fleas survive longer than this time. Fleas 
continued to die and as a plague-transmission 
experiment progressed, the number of surviving 
fleas continually decreased. 

To determine the proportion of the experi- 
mentally infected fleas that retained the infection 
at death or at the termination of an experiment, 
fleas were often triturated, diluted with two or 
three drops of normal saline and inoculated into 
mice or plated on blood-agar medium or on a 
plague selective medium described by Meyer and 
Batchelder (1926). 

For each strain of fleas, the number tested for 
plague transmission ability is given. This number 
is somewhat arbitrary and represents the number 
of fleas that lived for at least five days after the 
infectious meal, because only fleas living these 
five or more days were capable of transmitting 
the infection. 

The number of days that a plague-infected 
flea remained alive indicates to a certain extent 
the duration of its opportunity to transmit the in- 
fection. The great majority of the plague infec- 
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TABLE 2.—Survival of fleas after plague- 


infectious meals. 


Survivors* 
Days : 
after 
meals 


Sex 


7 Jere 
Not Total Percent 
known 


Males Females 


D. montanus 
272 
199 

156 

99 


P. gwyni 
49 
40 
24 
14 
9 


X. cheopis 
121 37 27 
10 97 
15 76 
20 47 


* Only fleas surviving at least 5 days after the infectious 
meal were used. 

t By the 25th day, 56 had died and 16 were killed; 87 
remained alive. Of these, 48 were alive on the 30th day, 32 
having died and 7 having been killed. By the 35th day, 17 
remained alive, 4 had died and 27 were killed. Twelve were 
alive on the 40th day, 5 more having died. On the 45th 
day, 5 remained alive, 4 had been killed. Three were alive 
on the 50th day and 2 on the 55th day. All were dead on 
the 60th day 

t One of these fleas was killed on the 26th day. Nine, 6 
and 5 fleas remained alive on the 30th, 35th and 40th days, 
respectively. On the S5ist day the remaining 5 were killed. 

§ After the 21st day, experiments were terminated ir- 
regularly, frequently with the killing of the surviving fleas. 
There was a reduction of 49 fleas between the 20th and 
the 25th days; 33 of these were killed. By the 30th day, 
41 remained—12 had died and 15 were killed in the preced- 
ing 5 days. On the 3ist day, 21 X. cheopis were killed; 3 
remained alive on the 35th day. Two of these had died by 
the 40th day; the last flea died on the 42nd day. 


tive fleas retained at temperatures of 68 to 72 F 
or higher transmitted before the end of the third 
week. On the average, they transmit Past. pestis 
in the second week. This period between the in- 
fectious meal and the time that the flea could 
transmit plague—the extrinsic incubation pe- 


raBLe 3. 


Number 


Laboratory-  Field- 
reared collected 


Flea strain 


Castaic Lake 
Calaveras Dam 

St. John 

Napa 

Santa Margarita 


San Joaquin 
Experimental 
Range 


Total 386 


Free on mice continuously. 


Feeding 
procedure* 
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riod—is modified by the number and frequency 
of blood meals after the infectious blood meal, as 
well as by the temperature to which this flea is 
exposed and by other unknown factors. Many 
potentially infective fleas die without transmit- 
ting plague, and those that do transmit usually 
die within three or four days after their first 
transmission. Obviously, to evaluate properly the 
experimental plague vector efficiencies of flea 
species, the survival rate under the conditions of 
the experiment is of importance and may sig- 
nificantly influence the results. In the present 
study the survival of each species of flea used in 
the experiments at five-day intervals is given in 
table 2. 
RESULTS 
D. montanus 


Results of experiments with this 
species are given in table 3. 

These strains were obtained both from 
known sylvatic plague foci and from 
areas from which plague has never been 
reported. Three strains from the plague 
foci of Castaic Lake, Calaveras Dam 
and Santa Margarita had such low 
transmission potentials that plague was 
not transmitted once by the fleas tested. 
The strain originating from the Sonoma- 
Napa County line area, a region from 
which plague has not been reported, 
did not transmit. The strains from St. 
John in the Sacramento Valley and 
from the San Joaquin Experimental 
Range in the San Joaquin Valley both 


Summary of D. montanus plague transmission experiments. 


Controlst 


Total 


Fleas transmitting 


Trans- 


— 
Percent mitting 


Nuraber 


0 4 
0 3 
21 
18 


1 


7 
4 
1 


1 
8 


=Free on mice Tuesday, Thursday, Friday and Saturday of each week. 


Free on mice on 3 nonconsecutive days each week. 
Vials, daily for 19 days and then 6 times a week. 


= Free on mice daily for 3 to 5 hours for 19 days, then 6 times a week. : 
t The Control X. cheopis are not totaled because single groups at times served as controls for more than one strain of 
D. montanus. This group of fleas will be discussed in greater detail in another section of this paper. 
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transmitted plague to mice. So far as 
is known, enzootic sylvatic plague has 
not occurred in the Sacramento Valley 
nor on the San Joaquin Experimental 
Range. Three of the 61 St. John fleas 
transmitted plague. Several changes in 
the procedures the transmission 
experiments failed to produce a combi- 
nation of conditions favorable for trans- 
mission by the 148 fleas of the San 
Joaquin Experimental Range strain and 
only six transmitted plague. 

A total of 446 D. montanus in the six 
strains were infected and tested and of 


in 
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blood meal, the five fleas remaining alive 
were given their last opportunity to 
feed. Each of four additional females 
was put into a jar with a mouse two 
days after the infectious blood meal. 
In preliminary work, when this species 
of flea was placed free on mice, the fleas 
were frequently bitten and killed. By 
limiting the time that th¢ flea and mouse 
were together, the mouse had fewer op- 
portunities to bite the flea and the sur- 
vival chances forthe fleas were in- 
creased. The mice were removed from 
the fleas every other day and returned 


TABLE 4.—Summary of P. gwyni plague transmission experiments. 


Total fleas 


Males 


Exp. no. am 39 

Females Males 
24 33 6 
iS 16 5 


Totals 39 49 11 


Controls 
(X. cheopis) 


Transmitters 
Females Percent Transmitters 


10 28 11 8 
3 26 5 


13 27* 21 13 


* Fourteen fleas transmitted to 1 mouse each, 7 transmitted to 2 mice each and 3 transmitted to 3 mice each. 


these only nine (2%) transmitted 
plague. This indicates that this species 
has a very low vector potential. 

Among those strains tested, the differ- 
ence in the plague transmission poten- 
tial, while apparent, was of such low 
magnitude that the significance must 
be questioned. Only by testing con- 
siderably larger numbers of individuals 
in all of the strains could truly com- 


parative values be obtained. 


P. gwyni 

A total of 88 infected cotton rat fleas, 
P. gwyni, were tested for plague trans- 
mission ability in two experiments, 57 
(24 males, 33 females) in the first and 
31 (15 males, 16 females) in the second 
(table 4). In the first (exp. 1), 53 fleas 
were held individually in vials and given 
opportunities to feed six days a week 
for 74 weeks. The first opportunity to 
feed on healthy mice was provided the 
day after the fleas had fed on an infected 
mouse. At the termination of the experi- 
ment on the 51st day after the infectious 


24 hours later, except over the weekend, 
when they remained away from the 
fleas for two days. The last of these 
four fleas died 19 days after it had 
ingested infected blood. 

To determine whether the results of 
the plague transmission tests obtained 
with the first group of P. gwynt were 
reproducible, the second group (exp. 2) 
was tested for plague transmission. 
Plague had been transmitted in only 
one instance in the first group as early 
as the third day after the infectious 
blood meal. For this reason, individual 
flea feedings in the second group were 
omitted until the fourth day after the 
infectious blood meal. In the second 
group the males and females were held 
in separate quart jars so that there 
would be no more sexual activity than 
in the first group held in vials. For the 
first three days after the infectious meal, 
a healthy mouse muzzled with a piece 
of adhesive tape j-inch wide to prevent 
it from biting the fleas was introduced 
into each jar daily. The mouse was 
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left with fleas for up to two hours. 
Beginning with the fourth day, these 
fleas were placed individually in vials 
where they remained until the end of the 
experiment. Each was given an op- 
portunity to feed on a white mouse 
daily for the next four days, then 
starved for four days and then fed 
again daily for four days. After two 
more days of fasting, the fleas were a- 
gain given opportunities to obtain blood 
from mice on each of the next six days. 
The experiment terminated on the 26th 
day with the killing of the single sur- 
viving flea. The survival rate of the 
fleas in both groups is shown in table 
2. 

The two groups of fleas were given a 
total of 932 individual opportunities to 
feed. After 244 (26%) of these oppor- 
the fleas had the 
esophagus, but because of blockage in 


tunities, blood in 
the region of the proventriculus, they 
could not force blood into the ventricu- 
lus. In addition, on 12 occasions, a con- 
tinuous column of blood extended from 
the ventriculus into the esophagus, Ap- 
parently the function of the proventricu- 
lar valve was impaired by packing of 
plague bacilli among the spines, as 
described by Bacot (1915). 

In these P. gwynt, complete blockage 


of the alimentary tract by plugs con- 
taining Past. pestis was seen very fre- 


quently—in 37 (76%) of 49 females and 
in 22 (56%) of 39 males, or a total of 
59 (67°) of 88 fleas. Probably addi- 
tional individual fleas had such occlu- 
sions, but they could not be detected 
becayse the fleas did not attempt to 
feed and hence there was no diagnostic 
column of fresh red blood in the esopha- 
gus, ending posteriorly abruptly at the 
obstruction. 

The 82 fleas that died during the ex- 
periments were cultured bacteriological- 
ly for the presence of viable plague 
organisms; of these, 68 (83%) were 
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positive. The five fleas killed on the 51st 
day were negative. 

P. gwynt can remain alive under 
laboratory conditions for many days 
after the alimentary tract has become 
obstructed. In the first experiment, the 
average period of life after the ali- 
mentary canal became plugged was ten 
days. In the second, opportunities to 
feed were greatly reduced and obser- 
vations were fewer. However, the aver- 
age period between the first day of 
occlusion and the death of the flea 
was six days. The average for both 
groups was nine days. The period was 
the longest in three female P. gwynt who 
lived 29, 29 and 26 days, respectively, 
after the alimentary tract obstruction 
developed. However, in this period all 
three fleas forced blood past the ob- 
struction and fed successfully at least 
once. Male fleas also lived for some time 
after their alimentary canals were com- 
pletely occluded. For example, a male 
flea lived 15 days after its alimentary 
canal became occluded and blood could 
not reach its ventriculus. This flea fed 
once and died ten days later without 
again being able to force blood into its 
ventriculus. 

As mentioned earlier, a procedure of 
allowing each flea repeated opportuni- 
ties to feed on a single mouse was fol- 
lowed. Single P. gwyni were given op- 
portunities to feed daily on single mice 
for as long as six days. The average 
extrinsic incubation period in the pres- 
ent P. gwyni plague transmission experi- 
ments therefore fell in a three-day 
period of from nine to 11 days, inclusive, 
after the fleas had fed on an infected 
mouse. Between 15 and 21% of the 
transmissions occurred during the first 
week; one female flea had transmitted 
plague by the second day. All but five 
(13%) of the 37 transmissions were ac- 
complished by the 15th day. A male 
flea had the longest extrinsic incubation 
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period, not transmitting until the 23rd 
or 24th day. 


X. cheopis 

This flea served as a control in the 
transmission experiments with other 
species and was also used to check the 
survival and transmission rate of the 
plague-infected individual fleas con- 
tinuously free on mice. In the following 
the group will be 
designated as control X. cheopis and 
the latter group as ‘‘Experiment A.” 

Experiment A with fleas free on mice 
was performed with 155 infected X. 
cheopis starved for three days after 
infection. After three weeks the rate of 
plague transmissions was greatly re- 
duced, and to determine whether the 
fleas surviving contained Past. pestis, 
they were killed at intervals, individual- 
ly triturated and tested bacteriological- 
ly by inoculation into healthy mice or 
by culturing blood-agar plates. 
Twenty-four days after their meal of 
infected blood, 13 of these fleas were 
killed; seven retained Past. pestis. Six- 
teen more fleas were killed and examined 
bacteriqlogically on the 25th day; 15 
contained the organisms. Nine fleas 
were killed 28 days after the infected 
blood meal; three harbored Past pestis. 
The remaining ten fleas were killed on 
the 31st day; five were positive. In all, 
then, 48 fleas were killed and 30 (62%) 
of these were infected with Past. pestis. 
Fifty-two other fleas that died during 
the plague transmission experiments 
were also examined bacteriologically; 
plague organisms were recovered from 
33 (63%). The survival rate of the fleas 
in this experiment is shown in table 2. 

Since in this plague transmission ex- 
periment the fleas were disturbed as 
little as possible, they were examined 
microscopically only to insure that they 
had fed on the infected mouse. After 
they were placed on the healthy mice 


discussion, former 


on 
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in jars, they were not examined again 
until they died or were killed. For this 
detailed information about 
blocking of the alimentary tract was 
not obtained. . 
controls in the D. montanus 
experiments, 130 X. cheopis were used. 
This total is not the sum of the controls 
used in each experiment because at 
times the same grqup of X. cheopis 
served controls for two or more 
experiments conducted simultaneously. 

The survival rate of the control and 
experiment A X. cheopis is summarized 
in table 2. Whether they were killed 
after 21 days at a later date de- 
pended on the procedure of the experi- 
ment in which they served as controls. 

To determine if the fleas retained 
Past. pestis at death, 62 individuals 
were ground and streaked on gentian 
violet-agar plates. Of these, 44 (71%) 
were infected with viable organisms. 

The extrinsic incubation period is 
least well defined for the fleas in ex- 
periment 
tunities on a second mouse 
only after the death of the first. A 
maximal incubation period 
may be calculated and as used here is 
the time from the day the flea took 
blood containing Past. pestis until its 
last opportunity to feed on the mouse 
to which the infection was transmitted. 
The period calculated in this way is 
frequently several days longer than the 
actual extrinsic incubation period, but 
from the data presented in table 5, it is 
apparent that over 50% of the fleas 
transmitted the infection within the 
first two weeks and over 90% trans- 
mitted plague within three weeks of 
their infectious meals. 


reason, 


For 


as 


or 


A, which were given oppor- 


to feed 


extrinsic 


DISCUSSION 


Considering both groups of fleas to- 
gether, 285 fed on plague-infected mice; 
173 (61%) transmitted the infection to 
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TABLE 5.— Maximal extrinsic incubation 


period.* X. cheopis. 


Transmitters 
Cumulative 
number 


Time, weeks 

Percent 
16 9 
101 58 
160 92 
171 99 
173 100 


* The maximal extrinsic incubation period as used here is 

the time between the infectious meal of the flea and the last 
opportunity to feed on the first mouse to which this flea 
transmitted the infection. 
243 mice. The average number of trans- 
missions per flea was 0.85. The plague 
transmission frequencies of individual 
X. cheopis are: 119 (68%) transmitted 
once, 41 (24%) transmitted twice, ten 
(6%) transmitted three times, and three 
(2%) transmitted to four mice each. 
In the present plague transmission ex- 
periments X. cheopis was again an ex- 
tremely efficient plague vector. 

Since fleas harbor Past. pestis for vary- 
ing lengths of time, conservation of this 
organism in the flea is the most com- 
monly advanced explanation for the sur- 
vival of infection through interepizootic 
periods. Fleas have been found infected 
several months after an early summer 
epizootic in Russia that had eliminated 
susliks in an area studied by Tumansky 
and Poliak (1931). Suslik nests were 
excavated and the fleas removed in the 
fall and winter. In November, five 
months after the epizootic, four fleas 
were carrying the plague bacillus, but 
their digestive tracts were unobstructed. 
At various intervals until February of 
the following year, 1797 fleas were col- 
lected, but no more plague bacilli were 
found. On the basis of experiments made 
in the laboratory, Eskey and Haas 
(1940) stated that most fleas after infec- 
tion with plague bacilli remained in- 
fected until death and that only from 
4 to 19% of certain species eventually 
become free of the organisms. X. cheopis 


was less likely to become plague-free 
than any other tested flea. This clearing 
of plague from D. montanus and X. 
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cheopis was further investigated by 
Douglas and Wheeler (1943) in a care- 
ful study. After both 24 and 48 hours, 
60% of the D. montanus were free of the 
organisms, while all X. cheopis re- 
mained infected. 

In the course of the present trans- 
mission experiments, quite a few dead 
fleas and those killed at the termination 
of a particular experiment were cul- 
tured bacteriologically for Past. pestis. 
The results confirmed the observations 
of other workers—that some fleas be- 
come free of the organisms and that 
others remain infected until death, even 
though the fleas did not die until several 
weeks after they became _ infected. 
Earlier workers considered that only 
those fleas that passed feces containing 
viable plague organisms were actually 
infected (Eskey and Haas, 1940). How- 
ever, in later experimental studies 
(Douglas and Wheeler, 1943) plague- 
infected D. montanus passed feces con- 
taining viable plague organisms only 
about 25% of the time, and only 56% 
of the infected X. cheopis excreted viable 
organisms. In another study similar ob- 
servations were made (Burroughs, 
1947). Thus, the excreta of infected 
fleas do not always contain viable plague 
organisms, and the bacteriological cul- 
turing of the triturated flea offers the 
only reliable method of ascertaining 
whether a flea is infected with Past. 
pestis. 

An effort was made to test the rela- 
tion of time to the disappearance of 
the organisms from the fleas. The 160 
D. montanus and 150 X. cheopis used 
were infected with Past. pestis and then 
held in quart jars (one for each species) 
containing enough wood shavings to 
cover the bottom. These jars were 
placed in a five-gallon crock in a room 
with a temperature of from 68 to 73 F 
and a relative humidity of from 60 to 
90%. Fleas were removed from the 
jars and cultured bacteriologically at 
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intervals. Those to be cultured were 
cooled in the freezing compartment of 
a refrigerator for a couple of minutes 
until immobilized and then were ground. 
Each triturated flea, diluted with two or 
three drops of normal saline solution, 
was smeared on a section of a petri 
dish containing gentian-violet agar 
medium. The feeding schedule of these 
fleas and results of the bacteriologic 
cultures are given in table 6. After 
their infectious meals the fleas were 
given an opportunity to feed collectively 


TABLE 6.—Persistence of Past. pestis in 
D. montanus and X. cheopis.* 


Days after Fleas cultured for Past. pestis 
infective ak : 


meals 





Percent 
positive 


Total Negative Positive 








D. montanus 


awo- 


4 
6 
7 
5 
7 
5 
5 
3 
4 
5 
1 


One Uw 


5 


- 





— a ee 
e2oooue 


7 


* After the infective meal, feeding opportunities were 
given the fleas on the following days: 3, 5, 7, 11, 16, 22, 25, 
28, 32, 35, 38, 41, 46 and 49. 


on muzzled plague-free mice. Most of 
the fleas did not feed when free on the 
muzzled mouse on the first two feeding 
opportunities, but the number feeding 
was increased on the remaining op- 
portunities when groups of ten fleas 
were put in a vial and inverted on the 
shaved belly of a mouse. After feeding, 
the fleas were returned to the quart jar. 
By the 25th day after the infectious 
blood meals, few fleas remained alive. 
The remaining samples tested were com- 
posed largely of fleas that had been dead 
for less than 24 hours because they were 
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removed daily from the holding jars. 

The results of this experiment show 
that even as early as the third day after 
an infectious meal, more than a fourth 
of the D. montanus had become free of 
Past. pestis. The last D. montanus re- 
taining viable Past. pestis died on the 
35th day. In contrast, X. cheopis in this 
experiment remained infected until the 
52nd day and only five of the total of 
76 fleas were plague-free. 

By comparison, in the plague trans- 
mission experiments, 45 (68%) of the 66 
X. cheopis contained Past. pestis when 
they were killed from 22 to 31 days 
after they had ingested infected blood. 
Only eight of the 60 (13%) of the D. 
montanus used in the plague transmis- 
sion experiments harbored plague or- 
ganisms when killed from 22 to 31 days 
after their infectious meals. A larger 
portion of the fleas of both species in the 
special study remained plague-infected 
than did the fleas in the plague trans- 
mission experiments, possibly because 
the former were not offered blood meals 
as often. How the spacing of these meals 
could influence the retention of Past. 
pestis is not known. In the plague 
transmission experiments, as well as in 
the special study on the survival of 
plague organisms in fleas, Past. pestis 
was eliminated from D. montanus more 
rapidly than from ,X. cheopis. This is 
certainly one factor contributing to 
the comparatively low rate of plague 
transmission by D. montanus. 

In plague transmission experiments 
with 88 P. gwyni, only 18 (20%) were 
negative when cultured bacteriological- 
ly at the time of their death or when 
killed at the end of the experiments. 
The disappearance of the plague organ- 
isms from the fleas probably depends on 
factors other than phagocytosis be- 
cause there is no reason to doubt that 
this would proceed at about the same 
rate in all flea species. Neither does 
mechanical flushing out of the alimen- 








140 


tary tract with blood ingested after in- 
fection offer an explanation because P. 
gwyni defecates profusely after the first 
few feedings, yet 80% of these fleas 
which took blood containing Past. pestis 
remained infected until death. The 
mechanism by which fleas are cleared 
of Past. pestis is not known, but the 
two commonly advanced hypotheses do 
not offer an acceptable explanation. 
CONCLUSIONS 

Diamanus montanus from six separate 
geographic areas in central California 
were tested for plague-transmission 
ability. Fleas from four of these areas, 
three with a known history of sylvatic 
plague and one supposedly plague-free, 
did not transmit plague. From two other 
areas, both supposedly free of the dis- 
ease, 4% of one and 5% of the other 
transmitted plague. Apparently the 
plague transmission potential of the 
different strains of D. montanus used in 
the experiments differs. However, be- 
cause of the low percentage of fleas 
transmitting, the significance of the dif- 
ferences cannot be accurately deter- 
mined. The plague transmission poten- 
tial of this species is apparently very 
low. 

After plague-infective meals, a greater 
portion of D. montanus became cleared 
of plague organisms than did Xenopsylla 
cheopis, and the rate of clearing is more 
rapid in D. montanus. 

Polygenis gwyni has one of the highest 
known plague vector efficiencies of the 
North rodent fleas. 
Twenty-seven percent of the infected 


native American 


fleas transmitted plague. This species 


has not been studied in a_sylvatic 
plague epizootic and its vector ability 
under these conditions is not evident, 
but the data compiled indicate that 
it would be high. 

X. cheopis was the most efficient vec- 
tor of the three species of fleas tested. 
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Sixty percent of the infected fleas trans- 
mitted plague one or more times. 

The greatest opportunity for sylvatic 
plague to spread through the rodent- 
flea chain into urban centers would ap- 
pear to be in certain areas in southern 
and southwestern United States, where 
both highly efficient vectors P. gwyni 
and X. cheopis occur on field-dwelling 
domestic rats. Though plague is not 
now known to exist in any of these areas, 
it is a potential danger that should not 
be ignored, especially in the southwest 
adjacent to known plague foci. 

The results obtained in the plague 
transmission experiments by Wheeler 
and Douglas (1945) and by Burroughs 
(1947) and in those reported herein 
demonstrate that many unknown vari- 
ables influence the plague vector effi- 
ciency of a single species of flea. Com- 
parisons must be made with caution. 
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During the winter of 1943-44 studies 
concerning the epidemiology and control 
of respiratory tract infections were 
made at Camp Carson, Colorado, by 
the Air-Borne _Infec- 
tions. the streptococcal 
contamination of the barracks’ environ- 


Commission on 


1 Reports on 


ment and the possible modes of spread 
of streptococcal infections among the 


enlisted personnel have been _ pub- 


lished.?:* During these investigations it 
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was shown that the environment of the 
barracks, including the air, floor dust, 
blankets, and wearing apparel, became 
markedly contaminated with strepto- 
cocci. The data suggested strongly that 
these environmental reservoirs of bac- 
teria were an important source of or- 
ganisms causing streptococcal infections 
among the occupants of the barracks. 

At the time of this study it had al- 
ready been demonstrated in England by 
Van den Ende et alt and Thomas and 
Van den Ende’ that the application of 
oil to floors and bedding was highly 
effective in controlling the dispersal of 
dust-borne bacteria from treated floors 
and bedding. The practical details of 
applying oil to floors and bedding (blan- 
kets and comforters) on a large scale ina 
military establishment and the bacteri- 
ological evidence for the effectiveness of 
these oiling procedures in diminishing 
the opportunities for the transfer of 
air-borne pathogens over long periods 
of time are the subjects of this report. 


MATERIALS AND METHODS 
As the general plan of study included an evalu- 
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ation of dust-suppressive measures in controlling 
respiratory tract infections, it was necessary to oil 
the floors of barracks billeting approximately 
9000 men in as short a time as possible. During 
the study over 293 buildings (barracks, day rooms 
and mess halls) were oiled. The personnel em- 
ployed for the treatment of floors and bedclothes 
were made available to the Commission from the 
745th Sanitary Company and were under the 
command of Captain J. E. Davis. The barracks, 
of wood construction two stories in height, had a 
regulation capacity for 60 men and had un- 
painted floors of soft pine. The materials and 
methods used for applying oil to floors and bed- 
clothes will be described in sufficient detail to 
allow wide application in military establishments. 


Oiling floors 


Kind of oil.—A pale paraffin oil* which met the 
United States Government standards for floor oil 
was employed.* Its specifications were as follows: 

Specific gravity 27-29 
350-—360° F 
405-415° F 
Pour point —5°F 
Viscosity at 100° F 100-110 
at 210° F 38 


pale yellow 


Flash point (open cup) 
Fire point 


Viscosity 
Color 


The oil was free from sediment, foreign material 
and objectionable odor. It was purchased and 
shipped in 55-gallon steel drums. 
Equipment.—The materials for cleaning and 
oiling a barracks are shown in figure 1. An oiling 
crew consisting of six men required the following 
equipment: two buckets, 15-quart capacity, two 
no. 10 size fruit cans with holes punched in the 
bottom, four 16-inch hair brooms. If the barracks 
were to be cleaned before oiling, two mop buckets 
with wringers, four cloth mops, four corn brooms 
and one half pound of G.I. soap per barracks 
were supplied for each crew. A truck with driver 
was necessary to carry equipment and personnel 
to and from the area to be oiled (fig. 1). 
Procedure for oiling floors —As the barracks 
were already occupied, it was necessary to make 
arrangements with the regimental and respective 
company commanders several days in advance so 
that the barracks could be properly ‘‘stripped”’ 
and cleaned in preparation for oiling. The day be- 


* Obtained from the Continental Oil Co. In- 
quiry revealed that most oil companies manufac- 
tured an oil especially for floors. 

6. Federal Specilications for Oil, Floor, Mineral. 

1938, Federal Standard Stock Catalog, Sec- 

tion IV (part 5, P-O-361 July 5). 
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fore the barracks were to be oiled, the floors were 
scrubbed. Everything except equipment which 
hung on the walls was removed from the building. 
The floors were then swept, scrubbed thoroughly 
with corn brooms, using ample soap, and allowed 
to dry while the occupants were in the field. 

On the day of oiling the barracks were again 
“stripped.”” Oil was taken to the area in a truck 
and a dispensing station was set up to serve two 
to four oiling crews. The respective duties of the 
members of a crew were as follows: one man car- 
ried oil from the station in 15-quart buckets; a 
second man spread it over the floor from perfo- 
rated gallon cans at right angles to the floor 
boards (fig. 2); two men then followed closely and 
“brushed” the oil over the floor with 16-inch hair 
brooms; a second more thorough brushing was 
done by the remaining two men. 

With a crew of six and the above equipment it 
required from 30 to 50 minutes to oil both floors 
of a barracks having a surface of approximately 
5310 square feet. The amount of oil employed 
averaged approximately 30 gallons per barracks 
or one gallon per 180 square feet of floor space. 
After five to six hours the floors were sufficiently 
dry to allow the barracks to be occupied without 
undue soiling of clothes and equipment. After the 
oiling, the barracks occupants were instructed to 
clean the floors only by sweeping daily with a dry 
or oiled broom and mopping them once a week 
with frequent changes of warm water without 
soap to avoid removal of the oil. 


Oiling of bedding 


Only blankets and comforters were treated 
with oil. The oil emulsion baset for preparing the 
dilute oil-in-water emulsion had the following 
formula: 


Mineral oil (Fractol A) 
Oleic acid (purified) 
Triethanolamine 
Lecithin 


88.0 ¢ 
8.9 g 
3.9 g 
0.01 ¢ 


he oil was applied as a 1% oil-in-water emul- 
sion in the final rinse water following the routine 
washing procedure. Figure 3 shows members of 
the laundry crew measuring out the white, 
creamy emulsion base which is to be added to the 
final rinse water in the laundry wheels. When 
special care was taken the above oil emulsion 
base was satisfactory, for after the blankets were 
dried they were found by extraction to contain 


from 2 to 4% oil by weight. For use as a routine 


t Prepared for the Commission and shipped in 
55 gallon drums by R. R. Street and Company, 
Chicago, Illinois. 
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Equipment and crew for cleaning and oiling barracks floors, 


Fic. 2. 


laundry procedure, however, triethanolamine oil 
base had distinct disadvantages in that it tended 
to separate in the drums and on storage the 
treated blankets developed a rancid odor due to 
the presence of oleic acid. 

For these and other reasons it was discarded 
Triton oil emulsion 


eventually in favor of the 


base (T-13)* employed in a subsequent study at 


* Now made by Baxeal Laboratories, Chicago, 


Ill. 


Procedure for application of the oil to the floors. 


Fort Bragg, North Carolina.” The detailed pro- 
cedure for using the triethanolamine oil base, 
therefore, will not be given. Studies of the de- 


The Commission on Acute Respiratory Dis- 
eases and the Commission on Air-Borne In- 
1946, A study of the effect of oiled 
floors and bedding on the incidence of re- 


Am. J 


fections. 


spiratory disease in new 


Hyg. 43: 120-144. 


recruits. 
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Fic. 3.—Members of the laundry crew measuring out the oil emulsion base which will be added 
to the final rinse water. 


Fic. 4.—Some of the morning activities in the barracks at the time air samples were taken. The 
Folin bubbler sampler and motor are seen in the foreground. 
I 
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velopment of the T-13 oil emulsion base for mak- 
ing dilute oil-in-water emulsions and the direc- 
tions for the routine application of oil to cotton 
and woolen textiles have been published *-* and 
should be referred to for details concerning prac- 
tical methods for applying oil to blankets, sheets, 
etc. 

Because the laundry facilities on the post were 
completely occupied during the day and evening 
it was necessary to organize a “graveyard shift” 
from 11 P.M. to 7 a.m. for treatment of the 
blankets with oil. The personnel of the 745th 
Sanitary Company served as the laundry crew 
with one of the Commission members in charge. 
During this study approximately 26,000 blankets 
and comforters were treated! with oil. About 1500 
blankets and 750 comforters were treated during 
one shift. The following day “‘day crews’ from 
the Sanitary Company would distribute the 
treated bedding to the barracks and exchange it 
for dirty blankets which were stored in the 
laundry for the evening's oiling. 


Methods for sampling and culturing air and 
dust from bedding and floors 


The methods used for sampling air and collect- 


ing dust from bedding for bacteriological analyses 


have been described in detail in the first paper? of 
this series. The Folin bubbler sampler employed 
in studies by the Commission on Air-Borne In- 
fections'®-” was used both for sampling air and 
collecting dust. The principle of this apparatus is 
the trapping of bacterial particles in broth as air 
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oil treatment of bedclothes for the control of 
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is drawn through it at a given rate of speed, 
usually one cubic foot per minute. Usually 10 to 
20 cubic feet of air were drawn through the bub- 
bler for sampling. For sampling blanket and floor 
dust a small funnel was attached to the inlet by a 
rubber hose. The funnel was then slid gently over 
the surface of the blanket and loose lint, bac- 
teria, and other particulate matter were drawn 
into the broth. A sampling period of 30 seconds 
was adequate for blankets and floors and one 
minute for sheets and pillow cases. The latter 
were not present in most barracks. 

The sampler broth was then plated in nutrient 
agar to which 5 ml of defibrinated mule blood was 
added. In the case of air cultures, aliquots of 
0.5 ml were used for the determination of total 
numbers of microorganisms and 2 ml seedings for 
the detection of 8-hemolytic streptococci.* To 
facilitate the isolation of hemolytic streptococci, 
1:590,000 dilution of Gentian violet was added 
to the blood agar, which acted to suppress the 
growth of other bacteria.“ Similar procedures 
were employed for cultures of dust except that 
smaller amounts of the sampler broth were 
used—0.05 ml for total bacteria and 0.2 ml for 
streptococci. Usually one streptococcus colony 
was picked from “positive” plates for grouping 
and typing by the method of Swift et al." 

Sampling of the air of barracks for the most 
part took place over a two to 24-hour period 
from 5 to 7:30a.m. when the men were sleeping, 
getting up, dressing, 
beds, out to meals and leaving the barracks for 
the day's activities. Figure 4 is a photograph 
showing the beginning morning activity in the 
barracks. The typical location of an air sampler 
and pump is shown in the foreground, in the 
center aisle near the return air grill of the warm 
air heating system. During the winter months 
when the temperature was low the windows and 
doors were usually closed providing little supple- 
mentary when the samples were 


sweeping floors, making 


ventilation 


* The terms streptococcus and hemolytic 

streptococci indicate 8-hemolytic streptococci. 

13. Garrod, L. P. 1933, Inhibitory selective cul- 
ture media. I. A review of methods proposed 
for bacterial cultivation which utilize dif- 
ferential inhibition. II. Original cbserva- 
tions: the selective cultivation of strepto- 
coccus pyogenes. St. Bartholomew's Hosp. 
Reps. 64: 203-252. 

. Swift, H. F., Wilson, A. T. and Lancefield, 
R. C. 1943, Typing Group A hemolytic 
streptococci by M precipitin reactions in 
capillary pipettes. J. Exper. Med. 78: 127- 
133. 
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taken. From April through August the tempera- 
ture was such that many of the windows were 
open at night. During this study both oiled and 
unoiled barracks were sampled at similar periods 
and corresponding comparisons of counts made 
so that changes in numbers of bacteria due to 


5000 
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by the feel or general appearance to de- 
tect the presence of oil in the treated 
blankets and comforters. Certain lots of 
treated blankets which had been stored 
several days before use developed a 
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The mean bacterial counts in the air of unoiled and oiled floor barracks with oiled bedding 


at different periods of activity from 5:30 to 7:30 a.m. 


supplementary ventilation in the test and control 
barracks would be the same. 

rhe dust and bacteria holding capacity of oiled 
floors and blankets in barracks was studied over a 
period of approximately eight months. During 
this time several thousand cultures of air, floor 
dust and bedding from several dozen pairs of 
oiled and unoiled barracks were made. Blankets 
and floor dust were sampled usually after the 
men had left the barracks. 


RESULTS 


Reaction of barrack personnel to oiled 


floors and bedding.—It was impossible 


slightly rancid odor which largely dis- 
appeared when they were ‘aired’ for 
several hours or after a day on the 
bunks. There were some complaints for 
a few days following oiling of the floors 
because of soiling of uniforms and other 
clothing which was allowed to come in 
contact with floors. In general, however, 
the reaction of the barracks occupants 
to the oiled floors and bedding was 
favorable. They commented particu- 
larly on the dust free atmosphere and 
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the ease of maintaining cleanliness in 
the barracks. 

Reduction of dust-borne bacteria by a 
single application of oil to floors——As 
seen in figure 5, when the personnel were 
all asleep and there were no dust raising 
activities of any kind the bacterial con- 
tent of the air was essentially the same 
in the oiled and unoiled barracks. With 
increasing activity there was a marked 
rise in the bacterial content of the air 
in the unoiled barracks. After the ac- 
tivities in the barracks had ceased the 
bacterial content returned to a low level 
in a short time. Thus, as shown in table 
1, on the basis of several hundred air 


TaBLE 1.—Mean bacterial content of air of oiled- 
and unoiled-floor barracks during maximum 


periods of activity taken over 
an eight month period. 


Mean 
total 
bacteria 
per cu. ft. 


Number 

oO Number 
different of tests* 
barracks 


Percent 


Barracks difference 


Unoiled 2 66 1792 
Oiled 21 30 498 72.2 


*A “test’ run consisted of taking from six to eight 20- 
minute air samples (20 cubic feet per sample) consecutively 
in a squad room between the hours of 5:00 and 7:30 a.m. 


samples taken over the two-hour morn- 
ing period, there were approximately 
75% less bacteria in the air of the oiled 
floor barracks as compared to the num- 
ber isolated from the air of unoiled bar- 
racks. A reduction of over 90% was ac- 
complished at times of maximum dust 
raising activity by the suppressive ac- 
tion of oiled floors. Even during the 
early activities when dressing and bed 
making were included there was more 
than a 50% reduction in air-borne bac- 
teria in the oiled barracks than in the 
unoiled ones (fig. 5). 

Over an eight-month period of obser- 
vation one application of oil to the 
floors remained effective in reducing the 
mean bacterial content of the barracks 
air during the morning hours of activity 
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TABLE 2.—Duration of effectiveness of oiled floor 
in suppressing aerial contamination 
of barracks air. 


Mean 

total 
bacteria 
per cu. ft 


Number 

of Number 
different of tests* 
barracks 


Percent 


Barracks difference 


Unoiled 22 
Oiled Duration 
0-1 month 396 
1-2 month 699 
2-3 month 467 
3-4 month 418 
8 month S12 


1792 


* See footnote, table 1 


by approximately 70%, compared to air 
counts of the control barracks (table 2). 
This was essentially the same percent 
reduction as was noted one month after 
application of oil to the floors. However, 
the need for re-oiling parts of the floors 
became apparent after six months in 
some barracks where the floors had 
begun to deteriorate before the oil was 
applied. The need for re-oiling was also 
apparent sooner in locations where maxi- 
mum wear occurred, such as stairways, 
center aisles and the main entrance cor- 
ridor through which soapy water was 
swept daily from the undrained wash- 
room. The dust-holding efficiency of 
oiled floors generally could be observed 
by the degree to which the dust during 
sweeping was rolled into cohesive lumps 
or balls. In such barracks air cultures 
always yielded low counts. Thus, in the 
absence of bacteriologic criteria, this 
means could be employed to judge the 
continuing effectiveness of oiled floors. 

Reduction of dust-borne bacteria by 
oiling floors and bedding.—The addition 
of oiled blankets and comforters to the 
beds in oiled floor barracks resulted in 
a further decrease in the number of 
bacteria dispersed into the air during 
the morning activities (fig. 5, table 3). 
This reduction was most marked during 
the waking, dressing and bed making 
periods when agitation of the blankets 
was at a maximum but persisted to a 
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TABLE 3.—Reduction of dust-borne bacteria by 
oiled floors, and oiled floors plus oiled bedding 


one to three months after application. 


Mean Per- 

total cent 
bacteria differ- 
percu.ft. ence 


Number 
of dif- 
ferent 

barracks 


Num- 
ber of 
tests* 


Barracks 


Unoiled floors 4 23 
Unwashed bedding 


1777 
Oiled floors { 16 245 
Oiled bedding 


Unoiled floors 
Newly washed bedding 


Oiled floors 
Newly washed bedding 


Oiled floors 
Oiled bedding 


* See footnote, table 1. 
lesser extent for the entire period. As 
noted in figure 5, the mean bacterial 
count in the barracks with oiled floors 
and bedding was reduced only slightly 
beyond that attained by floor oiling 
alone. This indicates that the greatest 
source of air contamination came from 
dispersion during floor sweeping, which 
was controlled by oiling the floors. 

In spite of oiled floors and bedding, 
there was a tenfold increase in the bac- 
the air in the oiled 
barracks during the early part of the 
morning activity (fig. 5). The source of 
this contamination was in all probabil- 
ity from clothing, mattress covers, pil- 
low slips (sheets were not provided) and 
other unoiled sources of bacterial con- 
tamination. In addition to the marked 
reduction in the mean numbers of 
bacteria from the air during the two- 
hour sampling period, there was a simi- 
lar reduction in the maximum number 
of organisms isolated from the air. In 
the unoiled barracks, air counts as high 
as 5000 to 10,000 bacteria per cubic 
foot were not unusual during periods 
of maximum dust-raising, such as when 
sweeping occurred immediately beneath 
the sampler, whereas under similar con- 


terial content of 


ditions of sweeping in the oiled bar- 
racks, 500 to 800 bacteria per cubic 
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foot of air was the upper limit and val- 
ues as high as these were encountered 
only in the first part of the sampling pe- 
riod when agitation of untreated reser- 
voirs such as clothing was most pro- 
nounced. 

Effect of oiled floors and bedding on the 
streptococcal content of the air.—Air cul- 
tures were taken with the Folin bubbler 
sampler simultaneously in oiled and un- 
oiled barracks of a single battalion dur- 
ing a period of two months. As seen in 
table 4 over 40% of the air samples from 
the unoiled barracks were positive for 
group A streptococci, whereas only 9% 
of those from the oiled barracks were 
positive. Of the positive cultures over 
nine times as many streptococci were 
present in the samples obtained from 
the unoiled barracks as were isolated 
from the air of oiled barracks. The total 
bacterial count from the air of the un- 
treated barracks also was proportion- 
ately higher than the total counts in the 
oiled environments. 

The few streptococci recovered from 
the air of the oiled barracks were ob- 
tained, like those found in the unoiled 
barracks, from the samples taken dur- 
ing periods of maximum dust raising ac- 
tivity, such as dressing, bed making and 
sweeping. Thus, these organisms may be 
considered truly dust-borne and not 
suspended in the air as ‘‘droplet nuclei.”’ 
The ‘‘settling out’’ from the air of all 


TABLE 4.—Comparison of the total mean number of 
bacteria and streptococci isolated from the air of 
barracks with oiled floors and bedding, and unoiled 
floors and bedding one to three 
months after application. 


Cultures positive 
for streptococci 


Mean number per 
Num- cubic foot 
ber of - 
cultures 


Barracks - = 
Strepto- Total 
cocci bacteria 


Num- Per- 
ber cent 


Unoiled 

Oiled 

Percent dif- 
ference 


$1 41.0 8.0 2190 


124 
76 7 9.2 0.6 229 


77.7 92.5 89.5 
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the bacteria when dust-raising activities 
had ceased indicates the importance of 
“dust reservoirs’ as the source for the 
dissemination of pathogens throughout 
the barracks environment during the 
morning activities. 

Total bacteria obtained from oiled and 
unotled bedding.—Further evidence for 
the effectiveness of oil-treated blankets 
in holding bacteria is shown in the 
marked reduction in numbers obtained 
on direct culture. During this study 
several hundred cultures trom oiled and 


TABLE 5. 


Blanket source Kind of treatment 


None 
Freshly washed 
Treated 1 to 20% oil 


New unused 
Hospital ward 
Floor varnished 
Barracks 

A-Unoiled floor 
B-Oiled floor 
C-Unoiled floor 
D-Oiled floor 


Freshly washed 
Oiled 1% 
Washed 

Oiled 2% 


unoiled blankets were made employing 
the Folin bubbler sampler. Cultures of 
new blankets before they were issued to 
the men revealed only a small number 
of organisms. Once in use the bacterial 
content of untreated blankets rose rap- 
idly (table 5).* A comparison of the bac- 
terial content of the blanket dust re- 
vealed a striking difference in numbers 
from the oiled blankets even after four 
months of use. Treated blankets con- 
taining various amounts of oil were 
sampled along with freshly laundered 
bedding after one week’s exposure on 
beds of a hospital ward for respiratory 
disease (table 5). Over 90% fewer or- 
ganisms were recovered from the oiled 
blankets during this period. Likewise, 

* With the method of sampling, the number of 
bacteria recovered from the blankets and shown 
in table 5 represents only a small fraction of the 
total recoverable bacteria, as can be shown by the 
repeated sampling of the same blanket. 


Duration 
of use 
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oiled blankets placed in barrackes with 
oiled floors for four weeks yielded over 
85°% fewer bacteria on culture than did 
newly washed blankets which were on 
bunks'in unoiled barracks for a similar 
length of time (table 5). 

There was also a marked reduction in 
the amount of dirt liberated from the 
oiled blankets as judged by the reduc- 
tion in the amount of discoloration of 
the bubbler fluid in which the dirt was 
trapped. Correlated with this was a de- 
monstrable retention of dust by the 


Recovery of bacteria from oiled and unoiled blankets. 


Number of Mean total bacteria 
blankets recovered from 
cultured blankets 

19 5,920 

1,088 ,000 


2,540 ,000 
522,000 
1,740 ,000 
265 ,000 


Percent 
difference 


blankets when the beds were 
struck a sharp blow with a stick or 


saber. Instead of a choking cloud of 


oiled 


dust rising, as it did as a rule from 
the unoiled blankets, only a few coarse 
particles and sand could thus be beaten 
from the meshes of the oiled fabric. 
These particles were large and immedi- 
ately settled out of the air. This test 
was found to offer a quick and reli- 
able method of estimating the amount 
of oiled bedding remaining in the bar- 
racks several weeks to months following 
its issue. 

Recovery of streptococci from oile: and 
unoiled bedding.—In addition to cultur- 
ing for total bacteria, aliquots of the 
broth were plated in Gentian violet me- 
dium for 8-hemolytic streptococci. The 
analysis of cultures for streptococci 
from several hundred beds is shown in 
table 6. The cultures in the control and 
treated barracks were taken over the 
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TABLE 6.—Effect of oil treatment on the number of 
B-hemolytic streptococci cultured from blankets. 


Cultures positive for - oa 
streptococci r 


Number 


Number 


Blankets cultured 


streptococci 
in positive 
cultures 
Unoiled 223 170 76 4520 
Oiled 224 45 20 250 
Percent dif- 
ference 74 


Percent 


same period of time from May 24 to 
June 6, 1944. Table 6 shows the nv nber 
from oiled 
and unoiled blankets approximately six 
weeks after being placed in barracks of 
the same battalion with and without 
oiled floors. There were 73% less posi- 
tive bed cultures for streptococci for the 
oiled barracks and approximately one- 
fifth as many streptococci were re- 
covered from the oiled beds as were cul- 
tured from the unoiled blankets. Seldom 
was a culture from an oiled blanket 
found to contain large numbers of strep- 
tococci as was frequently observed in 
cultures from untreated bedding. 

It should be pointed out that these 
data may not reflect the true bacteria- 
holding properties of the blankets. First, 
the streptococcal carrier rate was lower 
among the occupants of oiled barracks 
and, in addition, the oiled floors un- 
doubtedly contributed to a reduction in 
streptococcal pollution of the bedding. 
However, every barracks with com- 
pletely oiled bedding and floors showed 
at all times significantly fewer numbers 
of ‘‘positive beds’’ compared to the find- 
ings in the untreated barracks. When 
positive beds were detected in the test 
barracks, the streptococcal content was, 


of streptococci collected 


asa rule, low. 
DISCUSSION 
At Camp Carson a single application 
of a liberal amount of floor oil to the 
barracks’ floors was highly effective in 
preventing the dispersion of dust and 
dust-borne bacteria during sweeping pe- 
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riods for as long as eight months. After 
this time the oil had worn thin in some 
areas where traffic was heavy (center 
aisles and near the latrine entrance). If 
these areas were touched up with an- 
other coat of oil, it was considered that 
the oiled floors would continue to hold 
dust and lint for another 
months. 

The addition of oil to the bedding fur- 
ther reduced the bacterial content of the 
oiled barracks’ air during the morning 
bed making. At Camp Carson the dust- 
holding capacity of oiled blankets was 
observed to be effective over a period of 
four months’ use. Likewise, during the 
investigation at Fort Bragg, North 
Carolina, of the usefulness of the Triton 
(T-13) emulsion base formula for treat- 
ment of bedclothes with oil, it was found 
that blankets containing from 2 to 3% 
oil by weight retained their ability to 
hold dust and lint for as long as 18 
weeks after a single treatment.”»® In bar- 
racks with oiled floors they showed no 
gross soiling at the end of this time. Fur- 
ther studies at Fort Bragg were n:ade on 
the oil content of treated blankets after 
washing and on the bacteria-holding ef- 
ficiency of oiled blankets which had 
been washed and placed in the barracks 
without retreatment. It was found that 
oil content of treated blankets was not 
removed during the routine washing 
procedure, and at the end of washing 
they appeared as clean as the untreated 
ones. Such rewashed oiled blankets 
were found to be just as effective in 
holding bacteria and were 
freshly oiled ones.? However, it was 
noted both at Camp Carson and Fort 
Bragg that oiled blankets, when placed 
in the dusty atmosphere of unoiled floor 
barracks, showed a diminished bacteria- 
holding efficiency and were grossly dirty 
after four to six weeks use. Thus, the 
length of time oil-treated blankets re- 
main effective in holding dust will de- 


several 


dust as 
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pend on whether dust suppressive meas- 
ures are also applied to the floors. These 
findings would indicate that in order for 
oiled blankets to maintain their dust- 
holding properties throughout a respira- 
tory disease season they should be used 
in conjunction with dust-holding meas- 
ures applied to floors. 

In the two previous reports? of this 
study it was shown that the environ- 
ment of the barracks, including bedding, 
floor and clothes, became highly con- 
taminated with streptococci at the time 
when streptococcal disease was occur- 
ring among the troops. With strepto- 
coccal typing procedures and from a 
thorough study of the bacterial content 
of the barracks’ environment, it was con- 
cluded that the majority of the strepto- 
coccal infections were acquired in the 
barracks. It is recognized that in 
such intramural environments there are 
many possibilities for the spread of in- 
fection among the occupants. The prac- 
tical value, therefore, of dust-suppres- 
sive measures for the control of strepto- 
coccal infections in the barracks would 
depend on how many are acquired di- 
rectly or indirectly through dust and 
air. The demonstration of the very high 
total bacterial and streptococcal (type- 
specific) content of the air in the un- 
oiled barracks during periods of dress- 
ing, floor sweeping and bed making, 
the general dissemination of a single 
type of streptococcus throughout the 
barracks, and the occurrence of respira- 
tory infections due to this type consti- 
tute evidence that the mode of transfer 
via dust and air is important. A de- 
tailed account of the spread of strepto- 
coccal infections among the personnel in 
highly contaminated barracks at Camp 
Carson has been made.* Hamburger 
and associates®-"* have shown that dust 


15. Hamburger, M., Jr. Puck, T. T., Hamburger, 
V. G. and Johnson, M. A. 1944, Studies on 
the transmission of hemolytic streptococcus 
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and air of wards housing patients with 

streptococcal disease also become highly 

contaminated with streptococci and 
have demonstrated the importance of 

‘nasal carriers’’ of streptococci in the 

contamination of the ward environ- 

ment. It is of interest to note that the 
mean streptococcal content of positive 
air cultures in the untreated barracks 

(table 4) considerably exceeds similar 

estimates made of aerial streptococcal 

contamination in scarlet fever wards by 

Hamburger and associates, who used 

identical equipment. The difference can 

best be explained by the far greater res- 
ervoirs for streptococci in the barracks. 

Studies by various investigators con- 
cerning the problem of dust control for 
the disinfection of air and thus the pre- 
vention of respiratory tract infections in 
barracks and hospitals have been re- 
viewed.'7-!® The combined use of oiling 
procedures and chemical disinfection of 
the air for the control of air-borne strep- 
tococci in hospital wards was made by 

Puck and associates.2° They found 
infections. III. Hemolytic streptococci in the 
air, floor dust and bedclothing of hospital 
wards and their relation to cross infection. 
J. Infect. Dis. 75: 79-94. 

. Hamburger, M., Jr., Green, M. J. and Ham- 
burger, V. G. 1945, The problem of the 
“dangerous carrier’ of hemolytic strepto- 
cocci. II. Spread of infection by individuals 
with strongly positive nose cultures who ex- 
pelled large numbers of hemolytic strepto- 
cocci. J. Infect. Dis. '77: 96-108. 

. Loosli, C. G. and Robertson, O. H. 1945, 
Recent studies on the control of dust-borne 
bacteria by treatment of floors and bed- 
clothes with oil. Am. J. Med. Sc. 209: 166- 
172. 

. Loosli, C. G. 1947, Dust and its control as a 
means of disinfection of air. Am. J. Pub. 
Health, 37: 353-359. 

. Loosli, C. G., 1948, Problem of dust control 
for the disinfection of air. Am. J. Pub. Health, 
38: 409-415. 

. Puck, T. T., Hamburger, M., Jr., Robertson, 
O. H. and Hurst, V. 1945, The effect of tri- 
ethylene glycol vapor on air-borne beta 
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that dust-suppressive measures alone 
lowered the streptococcal count by 86% 
during bed making, and in combination 
with glycol vapors, 93%. Less marked 
reductions in the bacterial content of 
the air of Naval barracks were reported 
by Miller, Shechmeister* and asso- 
ciates when dust-suppressive measures 
were employed alone or in combination 
with ultraviolet light. 

The results of the use of oiling proce- 
dures applied to barrack floors and bed- 
ding at Camp Carson as a means of re- 


ducing the morbidity from the common 
respiratory tract infections among the 
occupants will be given in the report 
that follows.” 


hemolytic streptococci in hospital wards. II. 
The combined action of glycol vapors and 
dust control measures. J. Infect. Dis. 76: 216- 
225. 

. Miller, W. R., Jarrett, E. T., Willmon, T. L., 
Hollaender, A., Brown, E. W., Lewandowski, 

Stone, R. S. 1948, 
ultraviolet radiation and dust contrel meas- 
ures in control of respiratory disease at Naval 
lraining Center. J. Infect. Dis. 82: 86-100. 

. Shechmeister, I. L. and Greenspan, F. S. 
1947, The relation of the oil treatment of 
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floors and bedding to the control of respira- 
tory diseases among Naval personnel. Am. J. 
Hyg. 46: 376-407. 

3. Loosli, C. G., Lemon, H. M., Robertson, O. 
H. and Hamburger, M. 1952, Transmission 


SUMMARY AND CONCLUSIONS 


In 1943-44 a study was made of the 
use of oil to floors and bedclothes in bar- 
racks for the suppression of dust and 
dust-borne bacteria. 

It was shown that a single application 
of oil to floors (one gallon per 180 square 
feet) was highly effective in controlling 
the aerial dispersion of bacteria during 
periods of floor sweeping for as long as 
eight months. 

Oiled b‘ankets (containing from 2 to 
4% oil by weight) were also effective in 
holding bacteria during bed making for 
as long as four months. When employed 
in barracks with oiled floors, oil-treated 
blankets should retain their dust-hold- 
ing properties and apparent cleanliness 
for the whole period of a respiratory 
disease season. 

The methods for the practical appli- 
cation of oil to floors and bedding have 
been described. The simplicity, dura- 
bility and the effectiveness of these 
dust-suppressive procedures are empha- 
sized. 


and control of respiratory diseases in Army 
barracks. IV. The effect of oiling procedures 
on the incidence of respiratory diseases and 
hemolytic streptococcal infections. J. Infect. 
Dis. 90: 153-164. 
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During the winter of 1943 and 1944 an 
extensive study was carried out by the 
Commission on Air-Borne Infections on 
epidemiology and control of respira- 
tory tract infections 


among enlisted 


personnel.' In previous reports*® it was 
shown that the barracks’ environment 
(floor dust, beds and air) at this military 
installation became highly contaminated 
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with B-hemolytic streptococci during the 
winter months. It was shown also that 
these environmental reservoirs of strep- 
tococci were, in all probability, of im- 
portance in the spread of streptococcal 
disease among the men billeted in the 
barracks.’ 

In a third paper, data were presented 
which showed that oiling floors and 
blankets was a highly effective pro- 
cedure in keeping the bacterial content 
of the air in the barracks at a low level 
during periods of maximal activity, 
such as when the beds were made and 
the floors swept. The present report 
gives the results of a study to evaluate 
the use of these dust-suppressive meas- 
ures as a means of controlling respira- 
tory tract infections considered to be 
air-borne or dust-borne in their mode of 
spread among men living in oiled and 
unoiled barracks from January 1, 1944 
to July 1, 1944. 


MATERIALS AND METHODS 


A detailed description of the materials 
and methods employed in this study for 
applying oil to floors and bedding and 
for analysis of the air, floor dust and 
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M., Jr. 1948, The transmission and control of 
respiratory diseases in Army barracks. II. 
The spread of hemolytic streptococcal infec- 
tions among enlisted personnel. J. Infect. Dis. 
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bedding for bacteria have been given 
in previous reports.’ 


PLAN OF STUDY 


Choice of barracks.—It was proposed at the be- 
ginning of the study to oil the floors and bedding 
in every other barrack throughout a whole in- 
fantry division of approximately 9000 men. Since 
the laundry procedure of treating bed clothes 
with oil was not adequately worked out at that 
time, the study was begun with oiled floors alone. 
In addition, the floors of the day rooms and 
recreation buildings and mess halls were oiled. 
Shortly after the study got underway the di- 
vision (71st) under observation left Camp Car- 
son. Because of the constant movement of the 
remaining troops, the study was extended to 
Peterson Field at the invitation of the medical 
authorities of the Second Air Force. Subsequently 
the barracks with oiled floors were reoccupied by 
a new division which, in conjunction with the 
undertaking at Peterson Field, increased con- 
siderably the scope of the original study. 

Soon after the oiling of every other barrack in 
the divisional area was completed and observa- 
tions on the control of infections were begun, it 
became apparent that a single barrack was not an 
entirely satisfactory epidemiological unit because 
of the shifting of men, at times, from one platoon 
to another within the company. Subsequent areas 
at Camp Carson and Peterson Field, therefore, 
were oiled, respectively, according to company* 
and block, which were the smallest units of supply 
and command. With the company as the epi- 
demiological unit the changes in personnel could 
be more adequately followed and the oiled bed- 
ding could be more easily confined to a com- 
pany’s barracks. The study of the combined 
effects of viled bedding and oiled floors began at 
Peterson Field February 28 and at Camp Carson 
April 1, 1944. 

Choice of troops.—By the selection of an in- 
fantry division on which to make observations, 
the personnel in the test and control groups could 
be considered essentially the same with respect 
to (a) age groups, (b) degree of training, (c) 
seasoning and (d) kinds of daily activities. Be- 
cause of the movement of troops in and out of the 
oiled the 
respiratory infections in four different Army and 


areas, observations on incidence of 
Air Force groups were finally made. They were: 
(a) 71st Infantry Division and attached artillery 
units from January 1 to February 5, 1944; (b) 
Peterson Field Air Force groups from February 


28 to June 3, 1944; (c) 104th Infantry Division 


* A company usually occupied three barracks. 
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and attached artillery units from April 1 
June 3, 1944; (dj) 286th Combat Engineer 
Battalion from March 1 to July 1, 1944. 

The experiment, as it finally evolved, con- 
sisted of an observational group of approxi- 
mately 24,500 men divided into test and control 
groups. Sixteen-thousand and four hundred pro- 
vided data on oiled versus unoiled floors, and 
approximately 8000 constituted the test of the 
effect of oiling both floors and bedding. There was 
some variation in the length of service of the men 
in the different organizations, but on the basis of 
age, degree of training, similarity of activity and 
troop requirements within a given organization, 
the personnel in the treated and control groups 
may be considered as comparable. The great ma- 
jority were “‘seasoned’”’ men, having been with 
their companies from 6 to 18 months. One ob- 
servational group was an engineer battalion com- 
posed essentially of new recruits. This organiza- 
tion had been activated at Camp Carson in the 
early part of March, 1944 with new inductees 
directly out of civilian life. 

Ideally a daily flow chart of the men coming 
into and leaving an organization should have 
been made. Because of the limitation of personnel 
conducting the study, only daily strength records 
of the companies, and, in certain cases, platoons 
were used in comparing the strength of the test 
and control groups. When replacements occurred 
in the various organizations, they were usually 
distributed equally within the various companies. 

Criteria of effectiveness of oiling procedures. 
The criteria of effectiveness of the oiling pro- 
cedures in controlling infections was based for the 
most part on hospital admissions for diseases of 


to 


the respiratory tract, including nasopharyngitis* 
of streptococcal and nonstreptococcal origin. 
Other infections having a portal of entry through 
the respiratory tract and therefore possibly air- 
borne or dust-borne in transmission were also 
tabulated. In the case of the engineer battalion 
whose enlisted men consisted essentially of new 
recruits, visits to the dispensary from the oiled 
and unoiled barracks were also tabulated. Three 
monthly streptococcal carrier surveys in this 
battalion during May, June and July were also 
employed as a possible means of evaluating the 
effectiveness of the oiling procedures. 


RESULTS 
71st Infantry Division and artillery 


groups, oiled floors alone.—In this in- 


* The great majority of admissions were diag- 
nosed simply as nasopharyngitis, an Army term 
for an upper respiratory infection. 
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fantry division area, oiling of alternate 
barracks and dayroom floors was begun 
December 11 and completed December 
23, 1943. During this time the floors of 
64 barracks and 48 dayrooms were 
treated with oil. Observations on the 
effect of the oiling procedures on the 
incidence of respiratory tract infections 
began January 1, 1944 and continued 
through February 5, 1944—a period of 
5 weeks. The average weekly number of 
men living in the oiled (4434) and un- 
oiled (4428) barracks was approximately 
the same. The number of hospital ad- 
missions from the treated and untreated 
barracks with the admission diagnosis is 
shown in table 1. A total of 185 cases 
was admitted from the control area, 
compared to 157 cases from the test 


TABLE 1. 
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study. Therefore, a program of respira- 
tory disease control in the barracks at 
Peterson Field, 2nd Air Force, was 
planned. Oiling of the barracks began 
February 16 and was completed Febru- 
ary 19, 1944. Treatment of the blankets 
was begun February 18 and completed 
February 25. Thus, the floors of 62 
barracks (theater of operations type) 
were oiled and the personnel supplied 
with treated blankets. The barracks 
were treated by blocks, which facili- 
tated the handling and distribution of 
the blankets and the keeping of records. 
In terms of length of service and activ- 
ity, the men living in the oiled areas 
were not comparable to 
those living in the unoiled barracks, 
as will be explained in more detail 


necessarily 


Weekly hospital admissions for upper respiratory and other infectious diseases from unoiled 


and oiled barracks in the 71st Division area January 1 to February 5, 1944. 


Unoiled barracks 

Admission - - 
diagnosis Jan Jan 
1-8 9-15 


Jan. Jan. 30 
23-29 Feb5 


Jan 
16-22 


Nasopharyngitis j 37 26 a 8 
Scarlet fever 
Tonsillitis 5 
Bronchitis 
Laryngitis 
Mumps 
Measles 
Pneumonia 1 1 
Total 34 9 
Weekly admission 
rate per 1000 ’ K 7.7 2.0 


Avg. weekly strength of unoiled barracks —4428, of oiled- 


barracks. The average weekly admission 
rate per thousand population was 8.25 
from the control barracks, compared 
to 7.14 from the test group. These dif- 
ferences are of no significance.* 

Peterson Field, 2nd Air Force, oiled 
floors plus oiled bedding.—After the 
7ist Infantry and Artillery Division 
left Camp Carson, it appeared uncer- 
tain whether sufficient new troops would 
be available at Camp Carson for further 

* In testing the statistical significance of ob- 
served differences for this paper the Student ¢ test 
was applied. Because of evidence of non-normal- 
ity in some of the samples, the sign test was also 
applied to the differences. It was found that the 
results of the two tests were very similar. 


Oiled-floor barracks 
Jan Jan. Jan. 
1 


a Jan. Jan. 30 
& 9-15 16-22 


Total 23-26 Feb 5 


Total 


S 
S 


143 20 2 36 37 i4 
0 


16 
4 

8 

1 

5 
184 


Rexnnre 


w 
Ser) 


Average 


8.4 


4434. 


below. 

As shown in table 2, observations on 
the control of respiratory tract infections 
were begun February 28 and extended 
to June 3, 1944—a period of 114 weeks. 
The average weekly number of men 
living in the oiled (2040) was approxi- 
mately the same as those living in the 
unoiled (2015) blocks. During the period 
of observation there were 147 hospital 
admissions from the unoiled blocks, 
compared to 100 from the oiled blocks. 
The hospital admission diagnoses are 
given in table 3. The average weekly 
hospital admission rate from the un- 
oiled blocks was 7.3, compared to 4.9 
from the treated area. Although the 
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TABLE 2.—Hospital admissions from oiled and unoiled llocks at Peterson 


Mar. Mar. 
7-12 13-19 


Feb. 
28- 
Mar. 6 


Mar. 
20- 
Apr. 2 


Week of admission: ry 


Field February 28 to June 3, 1944. 


Apr. 
10-22 23-30 





May 
1-6 


May 
7-13 


May 
Apr. May May - 
14-20 21-27 ,28 , Total 


Ju 





Unoiled barracks 22 16 12 6 12 
Oiled barracks 17 8 9 5 11 
Difference +5 +8 +3 +1 +1 


Unoiled barracks 10.9 7.9 6.0 3.0 6.0 
Oiled barracks 8.3 3.9 4.4 2.% 5.4 


Avg. weekly strength of unoiled blocks—2015, of ciled—2040. 


incidence of disease is low these data 
are statistically significant in favor of 
the oiling procedures (P <0.005). 

This investigation at Peterson Field 
was complicated by the fact that a 
sulfadiazine prophylaxis study against 
respiratory infections was superimposed 
on the only comparable groups, namely 
the combat training crews living in 
blocks 0 and 1. Here the difference 
was only slightly in favor of the oiled 
Other data not shown in 
tables 2 and 3 reveal that by taking 
additional areas as controls, differences 
varying from 9 to 30% were obtained in 
favor of the oiling measures. Thus no 


barracks. 


definite conclusion concerning the prac- 
tical value of the dust suppressive 
measures can be drawn from the obser- 
vations made at Peterson Field. 

104th Infantry Division and artillery 
groups.—In the early part of March, 
this large infantry division, which had 
come to Camp Carson for final staging, 
moved into some of the oiled barracks 


TABLE 3.—Hospital admissions with diagnosis 
from the unoiled and oiled blocks at Peterson 
Field, February 28 to June 3, 1944. 


Unoiled 
blocks 1, 3, 6 


Oiled 


Diagnosis blocks 0, 2, 4, 5 


Nasopharyngitis 84 59 
Tonsillitis 23 
Scarlet fever 
Rheumatic fever 
Pneumonia 
Bronchitis 
Otitis media 
Mumps 

Measles 


-_ 
“ 


—SraMown 


Total 


- 


Avg. weekly strength of unoiled blocks—2015, of oiled 


+13 +1 


Weekly admission rate per 1000 


11.9 


24 8 11 
il 7 





147 
100 
47 


6 
6 
0 


6 
+10 


Average 
4.0 6.1 
3.4 


5.5 ‘ . . 3.0 
5.4 2.9 2. . . 2.9 4.1 


previously occupied by the 71st Divi- 
sion. Additional barracks were then 
oiled to include essentially all the per- 
sonnel in this group. In some areas every 
other barrack was oiled; in others, the 
barracks were oiled by company or 
battery. In some of the areas, oiled 
bedding was supplied. Observations on 
the effect of the oiling procedures began 
April 1 and continued until June 10, 
1944. 

Otled floors alone.—The organizations 
in the 104th Division included the 104th 
Field Artillery Group, 339th Engineers, 
804th Ordnance Company, Quarter- 
master Company, 415th Infantry Regi- 
ment, and approximately half of the 
414th Infantry Regiment. The barracks 
housing the 104th Field Artillery Group 
were oiled by batteries, while those of 
other organizations were alternately 
oiled. Oiling was completed by March 
20. The average weekly number of 
men living in the unoiled and oiled 
barracks was, respectively, 3818 and 
3809. The personnel in these groups 
were considered to be seasoned troops, 
having been with the organization for 
six months to two years. 

The total weekly admissions and ad- 
mission rate per 1000 population from 
the oiled and unoiled barracks are shown 
in table 4. During the period of obser- 
vation the weekly admission rates in 
the test and control groups varied but 
were consistently less in the former. The 
average weekly admission rate per 1000 
from both the unoiled and oiled bar- 





RESPIRATORY | 


TABLE 4, 


JISEASE CONTROL 


-Weekly admissions for respiratory diseases from barracks with unoiled 


and oiled floors at Camp Carson, April 1 to June 3, 1944. 


Week of admission: Apr. 
1-8 


Apr. 
9-15 


Apr. 
1 


Apr. 
6-22 23-29 


May May 28- Total 
21-27 June 3 


Apr. 30- May 
May 6 7-13 


May 
14-30 





U noiled barracks 
Oiled barracks 
Difference 


24 
23 
+1 


35 
13 


Weekly admission rate per 1000 


Unoiled barracks 
Oiled barracks 


6.3 
6.0 


9.2 
3.4 


Avg. weekly strength of unoiled barracks—3818, of oiled 


racks were, respectively, 5.7 and 4.0. 
Again, although the weekly admission 
rates are low the data are statistically 
significant in favor of the oiled barracks 
(P <0.01). 


In this study group, as shown in 
table 5, approximately 81% of the ad- 
missions from the unoiled barracks and 
79% of those from the oiled barracks 
were for nasopharyngitis. Approximate- 
ly 58% of the nasopharyngitis cases for 


the control and treated group had 


TABLE 5.—Hospital admissions with diagnosis 
from the unoiled and oiled barracks, 
April 1 to June 3, 1944. 


Unoiled 


Oiled 
Per- 
cent 


Diagnosis Per- 
cent 


Num- 
ber 


Num- 
ber 


Nasopharyngitis 
(throats positive 
for B.H.S.) 

Nasopharyngitis 
(throats negative 
for 5 

Otitis media 

Bronchitis 

Pneumonia 

Measles 

Mumps 


47 62 46 


34 44 43 
1 
0 
2 

10 12 

14 15 


136 





Total 195 
Test barracks: oiled floors only. 


Avg. weekly strength of unoiled barracks—3818, of oiled 
— 3809. 


+7 


2. 


18 
16 
+2 


195 
136 
59 


18 
ll 


28 14 
9 


+5 





4.7 
9 


7.3 
3.4 


—3809. 


throat cultures positive for B.H.S. (6- 
hemolytic streptococci). Likewise, the 
number of cases of measles and mumps 
admitted from the test and control 
groups was approximately the same. 
Alternate barracks with oiled floors and 
oiled bedding—The recruits billeted 
in oile: barracks of approximately one- 
half the 414th Infantry Regiment and 
the 413th Artillery groups were also 
supplied with oiled bedding. The aver- 
age v eekly number of men living in the 
unoiled and oiled barracks was ap- 
proximately the same, being, respective- 
ly, 1608 and 1616. The personnel con- 
sisted essentially of seasoned recruits. 
The total weekly admissions and ad- 
mission rate per 1000 for the ten-week 
period of observation are shown in 
table 6. With the exception of the first 
week of observation there is a con- 
sistently and significantly lower rate of 
admission for the treated barracks. The 
average weekly admission rate per 1000 
from the oiled barracks is approxi- 
mately half that from the untreated 
controls, being respectively, 5.6 and 
10.4. The over-all difference is statisti- 


TABLE 6.— Weekly admissions for respiratory and infectious diseases from unoiled floor barracks, 


Week of admission: vm Apr. Apr. 


16-22 23-29 


Ap 
1- 
Unoiled barracks 
Oiled barracks 
Difference 


27 
16 
+11 


26 
12 
+14 


Apr. 30- 
May 6 


4 
+10 


and oiled floor barracks with oiled bedding, April 1 to June 10, 1944. 


May 
7-13 


May 
14-20 


May May 28- 
21-27 June3 


12 
7 


June 
4-10 


13 
4 
+9 


14 





23 
9 


15 8 
9 2 
+14 +6 





Weekly admis: 


Unoiled barracks 
Oiled barracks 


16.8 
9.9 


16.2 
7.4 


Avg. weekly strength of unoiled barracks—1608, of oiled 


sion rate per 1000 


8.7 
2.4 


14.3 
5.6 


—1616. 
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cally significant (P<0.01) in favor of 
the oiling procedures. 

As shown in table 7, the great major- 
ity of cases from the control (87%) and 
test (90%) barracks were admitted to the 
hospital with a diagnosis of nasopharyn- 
gitis, with or without throat cultures 


TABLE 7.—Hospital admissions with diagnosis 
from the unoiled and oiled barracks 

April 1 to June 10, 1944. 

Unoiled Oiled 

Diagnosis 


Num- 
ber 


Per- 
cent 


Per- 
cent 


Num- 
ber 


Nasopharyngitis 
(throats positive 
for S.) 

Nasopharyngitis 
(throats negative 
for ° 5.) 

Rheumatic fever 

Bronchitis 

Pneumonia 

Measles 

Mumps 


47 





Total 167 91 


Test barracks: oiled floors and oiled bedding, every other 

Av. weekly canals of cnaliall Csceahe~0000, of oiled 
. 

positive for B.H.S. Forty-six percent 
of the nasopharyngitis cases from the 
unoiled barracks had, on culture, throats 
positive for streptococci, while 57% of 
the throat cultures of similar cases from 
the oiled barracks were positive for 
this organism. 

286th Engineer Combat Battalion, oiled 
floors and oiled bedding by company.— 


TABLE 8, 
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This organization activated at 
Camp Carson late in February. Oiling 
of the barracks floors and bedding was 
done by company from March 23 to 
27, 1944. The personnel consisted es- 
sentially of new recruits with service 
records from two weeks to three months. 
Headquarters and C companies were 
oiled, and A and B companies served as 
controls. The average weekly number 
of recruits in the control and test groups 
was, respectively, 370 and 333. The 
observations on the incidence of in- 
fections before and after oiling barracks 
began March 5. The observations on 


was 


the effect of the oiling procedures on 
hospital admissions, dispensary visits 
and streptococcal carrier rates covered 
the period from April 3 to July 30, 

1944. 

‘Hospital admissions and dispensary 
visits —The hospital admissions and dis- 
pensary visits from the unoiled and 
oiled barracks are shown in figure 1 
and table 8. During March and the 
first two weeks in April after the oiling 
was completed, there were more dis- 
pensary visits and hospital admissions 
for respiratory infections from the test 
than from the control barracks. There- 
after the weekly dispensary visits and 
hospital admissions from the unoiled 
barracks increased and remained signifi- 


Hospital admissions and dispensary visits of the 286th Engineer Combat Battalion 


April 3 to June 11, 1944. Barracks and bedding oiled by companies from 
March 24 to March 27, 1944. 


Week of admission: Apr Apr. 


10-16 17-23 


Apr. 
24-30 


Unoiled barracks 
Oiled barracks 
Difference 


49 
56 


—7 


71 70 
42 
+29 


28 


May 
1-7 


Dispensary visits 
7 65 * 


+42 +35 


May 
15-21 


May 
8-14 


May May 29 


June 
22-28 June4 


$-11 


Total 


78 17 15 
31 il 
+47 


5 3 
9 3 2 
+6 1 


30 


7” 


Dispensary visits—rate per 1000 


Unoiled barracks 
Oiled barracks 


132 
168 


192 
126 


189 
84 
22 

6 
+16 


Unoiled barracks 
Oiled barracks 
Difference 


23 
10 
+13 


176 
90 


3 
+12 


Average 
211 119 
82 


116 
47 
69 


Hospital admissions—rate per 1000 


Unoiled barracks 


Average 
3 
Oiled barracks ‘ 


62 
30 


60 
18 


41 41 
15 27 9 6 14 


Avg. weekly strength of unoiled barracks—370, of oiled—333. 
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Fic. 1.—Comparison of hospital admission rates from test and control companies before and after 


application of oil to blankets and floors. 


cantly higher throughout the period of 
observation (fig. 1, table 8). The aver- 
age weekly dispensary visit rate per 
1000 from the unoiled barracks was 
119 compared to 82 from the oiled 
barracks. The average weekly hospital 
admission rates per 1000 from the con- 
trol and test barracks were 31 and 14, 
respectively. 

In table 9 are listed the admissions 
for the test and control barracks ac- 
cording to type of illness. Ninety-five 
in 89% of cases, respectively, admitted 
from the control and test barracks were 
for nasopharyngitis. Thirty-six and 37% 
of these, respectively, from the oiled 
and unoiled groups had throat cultures 
positive for streptococci. Although the 
study groups were small, the degree of 
difference in both dispensary visits (P 
<0.05) and admissions (P 
<0.01) from the test barracks as com- 
pared with the control population sug- 
gests a definite effect of the oiling 
procedures. 


hospital 


The groups and types of streptococci 
found in the admission throat cultures 
from the control and test companies are 
shown in table 10. Types 3, 30 and 46 
accounted for the majority of strains 


TABLE 9.—Hospital admissions according to dis- 


charge diagnosis of patients admitted from the 
test and control barracks, April 1 
to June 11, 1944. 


Oiled 
Num- Per- Num- 
ber cent ber 


Unoiled 

Diagnosis Per- 
cent 
Nasopharyngitis 

(throats positive 

for B.H.S.) J 37 
Nasopharyngitis 

(throats negative 

for B.H.S.) 7 58 
Rheumatic fever 
Otitis media 
Bronchitis 
Pneumonia 0 
Measles 1 
Mumps 0 
Meningitis 1 0 


Total 116 47 


Test barracks: oiled floors and oiled bedding, every other 
company, 286th Engineers. 

Avg. weekly strength of unoiled barracks—370, of oiled— 
333. 


found in the throats of those admitted 
from control company A, while types 
3 and 36 were the most prevalent types 
from control company B. Seven of the 11 
types found in the throat cultures of 
test company C were group A type 3, 
while types 3 and 36 accounted for five 
of the six types found on throat culture 
in cases from Headquarters Company 
(table 10). 


Streptococcal carrier rates 


Nose and throat culture surveys for 
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TABLE 10.—Group and type of streptococci found in admission throat cultures 
from different companies, 286th Engineers. 


Control companies 


A B 
Streptococci Streptococci 
No. Group type No. Group type 


Test Companies 


€ Hdat. 


Streptococci Streptococci 
vo. Group type No. Group type 


’ 





group A not typable wi th available serums. 


the presence of B.H.S. were made on 
the barracks personnel on three different 
approximately 
eight weeks after the test barracks had 
been oiled. From the findings listed in 
table 11 it is seen that oiling floors and 


occasions, beginning 


blankets had no effect on lowering the 
carrier rates for hemolytic streptococci 
in the barracks’ occupants. At the time 
of the first survey in May, approxi- 
mately twice as many men living in the 
unoiled barracks carried streptococci in 
their throats as did those living in the 
oiled barracks. A month later (June) the 
rate had doubled in the test group. This 
was due principally to the marked in- 
crease in the number of carriers of types 
3 and 17 streptococci. It should also be 
noted that strains showed in- 
creased numbers in control company A, 
as seen in table 12. During this interval 
there were only a few hospital admis- 
sions, which 


these 


were for non- 
streptococcal respiratory disease. Hospi- 


most of 


tal admissions from both groups during 
July were likewise low, yet the throat 


TABLE 11.,- 


1 3 

3 17 
36 d 36 
A- 


carrier rates at the end of July were es- 
sentially the same and as high as were 
found during the June survey. Nasal 
carrier rates decreased markedly in the 
control group as well as in the group 
living in the oiled barracks between the 
end of June and the last of July. 

It is interesting to note that the prin- 
cipal types of streptococci found in the 
hospital admission throat cultures of 
men from the different test and control 
companies as seen in table 10 are also the 
predominant types found in the respec- 
tive company personnel during the 
various carrier surveys (table 12). 

DISCUSSION 

Since this study was completed, sever- 
al reports have appeared concerning the 
use of dust suppressive measures alone 
and in combination with ultraviolet 
light for the control of respiratory tract 
infections in Army and Navy installa- 
tions and in children’s hospitals. Ander- 
son and associates in England observed 
the effect of oiled floors alone on the 


Nose and throat carrier rates for B.H.S. in recruits billeted in oiled and unoiled 


barracks at Camp Carson, 1944. 


Unoiled barracks 


Number of = 
= Throats 

May 22-26 244 

June 26-30 280 

July 28-30 215 


Percent positive 


Oiled barracks 
Number of 
men 


Percent positive 


Throats 





RESPIRATORY DISEASE CONTROL 


161 


TABLE 12.—Groups and types of streptococci found in throat cultures during carrier surveys of test 


Company Number 
date cultured 


Hdq. co. 

May 22 149 
June 26 102 
July 28 46 
Co. C 

May 25 161 
June 27 130 
July 27 105 


Control 


Co. A 

May 22 157 

June 28 131 45 

July 26 103 20 

Co. 

May 24 87 24 + 
June 30 149 48 : 5 
Aug. 11 106 31 1 1 


A— =group A not typable with available serums. 


incidence of respiratory tract infections 
among Army personnel from December, 
1942 to April 1, 1943.5 Over this period 
of time there was a weekly infection 
rate of seven per 1000 population in the 
test unit compared to 38 in the control 
unit. Feasby and Bynoe,® over a similar 
period of time, observed a streptococcal 
disease rate of 77 in a control unit as 
compared to a rate of 18 in another unit, 
where living conditions were optimal as 
far as crowding and dust control was 
concerned. In two studies of the effect of 
dust control on the incidence of respira- 
tory tract infections in Navy recruits 
reported by Miller and associates’ :* and 
Shechmeister and colleagues® there was 


5. Anderson, P. H. R., Buchanan, J. H. and 
MacPortland, J. J. 1944, Oiled floors to control 
respiratory infection. An Army experiment. 
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no consistent reduction in the incidence 
of disease in the oiled barracks. In the 
latter study® a slight reduction in the 
streptococcal carrier rates was observed 
in the group living in the oiled environ- 
ments. 

In the groups studied at Camp Carson 
the principal cause for admission was 
nasopharyngitis with or without throat 
cultures positive for hemolytic strepto- 
cocci. The admission rates varied con- 
siderably. In all four groups there were 
fewer admissions from the oiled bar- 
racks. Only the observations made on 
the 71st Infantry Division were without 
statistical significance. In the three re- 
maining groups where the effectiveness 
of oiled floors alone as well as oiled 
blankets and oiled floors was studied, 
the weekly hospital admission rates 
were of such magnitude that the differ- 
ences in hospital admissions from the 
test and control areas were statistically 
significant in favor of the oiling proce- 
dures. In the case of the engineering bat- 
talion further evidence in favor of the 
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dust control measures was the consistent 
reduction in dispensary visits as well as 
hospital admissions from the test bar- 
racks two weeks after the oil was ap- 
plied, whereas for the five weeks pre- 
ceding the oiling of the barracks there 
was no difference in the number of dis- 
pensary visits or hospital admissions 
from the test and control units. 

These generally favorable observa- 
tions made at Camp Carson are in 
contrast to those made during a sub- 
sequent joint study of the Commission 
on Acute Respiratory Diseases and the 
Commission on Air-Borne Infections at 
Fort Bragg, North 


Carolina, from 


October 1944 to May 1945.'° During this 
study it was observed that during the 


period of low endemic occurrence of 
respiratory disease there was suggestive 
evidence that the oiling procedures re- 
duced the incidence of hospitalized ill- 
nesses, but had no effect during the epi- 
demic occurrence of acute undifferen- 
tiated respiratory disease. At Fort 
hemolytic streptococcal infec- 
tions and other acute respiratory dis- 
ease of bacterial origin did not occur 
with sufficient frequency to be used as 


Bragg 


criteria for evaluating the oiling pro- 
cedures. In a naval training center, how- 
ever, dust-suppressive measures alone 
were ineffective in reducing the severity 
of an epidemic of B.H.S. infections.7* 

The use of dust-suppressive measures 
for the control of streptococcal infec- 
been 
Wright and associates in 
England" and by Laurell in Sweden. 


tions in children’s wards has 


studied by 
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The first study by the English investi- 
gators" was definitely significant in 
favor of the oiling procedures. A highly 
communicable strain of streptococcus 
(type 6) was the principal cause of con- 
tamination of the ward environment 
and of cross infections. During the nine- 
week period of study, the cross infection 
rate was 18.6% on the test ward and 
73.3% on the control, while the compli- 
cations rate was only 2.8° % on the test 
ward compared to 14.3% on the control. 
The following year in another hospital 
their results were negative." This was 
interpreted as being due to the absence 
of a communicable strain of strepto- 
coccus and a consequent low rate of 
cross infection. In contrast to the first 
study where type 6 streptococcus was 
responsible for the great majority of 
infections on the wards, numerous types 
and groups of hemolytic streptococci 
were isolated from the cross infection 
cases during the second study. Laurell 
in Sweden" also observed no effect of 
oiling procedures on the incidence of 
cross infections due to B.H.S. in chil- 
dren’s wards. 

A review of previous studies shows 
that the application of oil to floors and 
bedclothes is now established as a most 
effective procedure in reducing the aerial 
contamination of barracks and ward en- 
vironments.'4—"? However, the available 
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data of the use of oiling procedures as a 
means of effectively controlling respira- 
tory tract infections in barracks and 
hospital wards are equivocal. Although 
the results of the use of dust-suppressive 
measures at Camp Carson for the con- 
trol of respiratory tract infections favor 
the oiling procedures, it cannot be as- 
sumed that oiling floors and bedding 
will bring about a similar effect in other 
environments, where the nature of the 
acute infections and modes of transmis- 
sion may be different. On the other 
hand, where the incidence of strepto- 
coccal disease is high and where climate 
favors the accumulation of streptococci 
in the environment, dust control meas- 
ures may serve more than simply as a 
measure of ‘‘good housekeeping.’’** 

In intramural environments which 
are heavily contaminated with strepto- 
cocci, such as was found at Camp Car- 
son,?* and in hospital wards'*-*° where 
patients with streptococcal disease are 
admitted, multiple opportunities exist 
for the spread of infection among the 
occupants. Direct contact with a heavily 
contaminated or with a 
who 


environment 


is dis- 


“dangerous disperser’’!*:?! 
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pensing large numbers of organisms 
may be equally as important as the in- 
halation of dust or air-borne organisms. 
The fact that a considerable number of 
streptococcal infections occurred in the 
oil treated barracks as indicated by the 
hospital admissions, as well as increase 
in the carrier rate among the occupants, 
emphasizes the importance of other 
modes of spread. 

The control of hemolytic streptococ- 
cal infections and other acute respira- 
tory diseases in military personnel con- 
tinues to be an unsolved problem.” 
Methods, including dust control pro- 
cedures, chemical disinfection with gly- 
col vapor™**> and ultraviolet irradia- 
tion,®:*.27 designed to keep the air free 
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of bacteria have only a limited effective- 
ness and do not warrant widespread ap- 
plication as a means for controlling 
respiratory tract infections in military 
personnel. Of the three, oil to floors and 
bedclothes appears to the most practical 
for the suppression of dust-borne bac- 
and should be a recommended 
procedure®’ in the over-all program of 
control of hospital cross infections**:*° 
and infections among barrack personnel. 
The use of chemotherapeutic and anti- 


teria 


biotic agents as a means of preventing 
the dispersion of pathogenic agents in 
the nose and throat secretions of ‘“‘dan- 
into the environment 
must also be considered in any program 


gerous Carriers” 
of respiratory disease control.'*:*! 


SUMMARY 


From January 1 to July 30 observa- 
tions were made on the use of dust- 
suppressive measures for the control of 
acute respiratory tract infections among 
recruits at Camp Carson and Peterson 
Field, The 


floors alone also 


value of oiled 
in combination 


Colorado. 
and 


with oiled bedding as a means of pre- 


venting air-borne or dust-borne infec- 
tions among new and seasoned recruits 
was studied. Simultaneous determina- 
tions of the bacterial content of the air 
in oiled and unoiled barracks showed 
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that in the former there were over 90% 
fewer bacteria in the air during the 
periods of floor sweeping and bed mak- 
ing.‘ 

The periods of observations on the 
incidence of infection in different groups 
varied from 5 to 13 weeks. In all groups 
studied there were fewer admissions 
from the oil-treated barracks than from 
the control barracks. With respect to 
oiled floors alone there was a difference 
in admissions of 15 and 30% in favor 
of the treated barracks. In the case of 
the 71st Infantry Division the observa- 
tions, although in favor of the oiling 
procedures, are not significant. The ob- 
servations made on the 104th Field 
Artillery group were, on the other hand, 
in favor of the dust-suppressive meas- 
ures. The data gathered at Peterson 
Field on the use of both oiled floors and 
bedding were in favor of the oiled bar- 
racks and are of statistical significance. 

In a third group of approximately 
3200 seasoned recruits, one-half each 
living in oiled and unoiled barracks, 
there were average weekly admission 
rates, respectively, of 5.79 and 10.43 for 
the ten weeks of observation. This dif- 
ference in rates is significant statisti- 
cally in favor of the oiled barracks. 

Likewise, in a smaller group of new 
recruits observed over a period of ten 
weeks, the average weekly hospital ad- 
mission rate was 31 from the untreated 
and 14 from the oiled barracks. There 
was no difference or reduction in the 
streptococcal carrier rates in the men 
living in the test and control barracks. 

In geographic areas where the inci- 
dence of streptococcal infections is high 
and where the climate favors the ac- 
cumulation and survival of streptococci 
in the environment, dust-suppressive 
measures probably would be of signifi- 
cant value in preventing the dust- 
borne spread of this organism among the 
barrack occupants. 
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Certain members of the family As- 
carididae Blanchard, 1896* have al- 
ready been shown to utilize one or two 
intermediate hosts during their life his- 
tory. The adult stages of these para- 
sites occur mostly in marine mammals 
(see Schwartz, 1925a), birds (Thomas, 
1937) and fishes (Markowski, 1937). 
Walton (1937) has shown that ascaris 
parasites of certain snakes and alliga- 
tors utilize amphibia as intermediate 
hosts, and Ortlepp (1922) demonstrated 
that the eggs of two ascaris parasites of 
the python hatch in the intestine of mice 
and migrate through their liver and 
lungs. It appears probable that moles 
and shrews may act as natural inter- 
mediate hosts for certain ascaris para- 
sites of hawks and owls (Schwartz, 
1925a; Chandler and Melvin, 1951). Al- 


though Fiilleborn (1921b) suggested 


that certain ascaris parasites of terres- 
trial mammals may utilize intermediate 
hosts, this possibility has been some- 
what overlooked since the discovery by 
Stewart (1917 and 1918a) of the life 
history of Ascaris lumbricoides. Stewart, 
having discovered the lung migration of 
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the larvae in rodents, at first concluded 
that rodents act as intermediate hosts 
in the spread of this parasite, but later 
concluded (1918b, 1919, 1921) that 
only one host was used. The observa- 
tions of Ransom and his coworkers 
(1917, 1919, 1920, 1921, 1922), Martin 
(1926), Roberts (1934) and de Boer 
(1935) have amply confirmed that pigs 
may become infected with A. lumbri- 
coides directly by ingestion of em- 
bryonated eggs, the larvae migrating 
through the liver and lungs before they 
reach maturity in the intestine. Koino 
(1922) demonstrated that the human 
strain of A. lumbricoides makes a similar 
migration through the human body and 
confirmed earlier reports (see Martin, 
1926) that human infection results from 
the ingestion of embryonated eggs. 

There also seems to be little doubt 
that the life history of Parascaris equo- 
rum involves no intermediate host. 
Hadwen (1925) infected colts with the 
embryonated eggs of this parasite and 
later observed young ascaris in the duo- 
denum. It seems likely that these larvae 
were derived from the experimental in- 
fection, and judging from the symptoms 
and lesions observed it was evident that 
the larvae migrated through the lungs 
and passed by way of the trachea and 
esophagus back to the intestine. 

The mode of infection with Neoas- 
caris vitulorum has been assumed by 
some to be similar to that of A. lumbri- 
coides, although Brumpt (1936) failed 
to infect calves by feeding embryonated 
eggs from N. vitulorum, and the writer 
knows of no instance where successful 
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experimental infection with this para- 
site has been achieved in the natural 
host. There are, however, numerous re- 
ports (Boulenger, 1922; Macfie, 1922, 
Schwartz, 1925 b; Vaidyanathan, 1949) 
suggesting that prenatal infection with 
this parasite occurs in calves. The au- 
thor (1946) observed the eggs of N. 
vitulorum in the feces of a calf only 16 
days old, a fact which can hardly be ex- 
plained in any other way than by pre- 
natal infection. The larvae of N. vitu- 
lorum were observed by Schwartz (1922) 
in the liver, lungs and kidneys of guinea 
pigs which had been fed embryonated 
eggs, but that rodents normally act as 
intermediate hosts of this ascaris species 
seems unlikely in view of the feeding 
habits of cattle. 

The larvae of Toxascaris leonina do 
not regularly migrate through the liver 
and lungs of dogs, according to Wright 
(1935), but remain in the intestinal wall 
for several days and then return to the 
lumen they reach maturity. 
Fiilleborn (1922) observed encysted lar- 


where 


vae in the mesenteric lymph nodes of 
experimentally infected guinea pigs and 
dogs. 

In the case of Toxocara canis, both 
Petrov (1941) and Nifontov (1949) con- 
sider that prenatal infection is an impor- 
tant method of spread. They found a 
large proportion of stillborn fox cubs 
and puppies already infected with mi- 
grating larvae. The investigations of 
Fiilleborn (1921b), Schillinger and Cram 
(1923), and Augustine (1927) were suc- 
cessful in establishing prenatal infection 
of puppies by administration of eggs to 
the bitch. No infection of the mother 
with mature parasites was established, 
although encapsulated ascaris larvae 
were found in the heart and lungs. Fiil- 


leborn (1921b) observed encysted living 


larvae in various tissues of rodents and 
dogs experimentally infected with eggs 
of T. cants. 
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Stewart (1918a) quoted several un- 
successful attempts by Davaine to in- 
fect kittens with the intestinal form of 
Toxocara mystax by feeding embry- 
onated eggs. Sarles and Stoll (1935) 
have demonstrated the migration of 
larvae through the liver and lungs by 
feeding the eggs to kittens. It is doubt- 
ful whether any intestinal infections 
were established by these workers be- 
cause the kittens were already naturally 
infected. 

So far the only instance in which an 
intermediate host been demon- 
strated in the spread of infection of the 
ascaris parasites of terrestrial mammals 
is that of Ascaris columnaris. After feed- 
ing the embryonated eggs to mice and 
other rodents Tiner (1949) observed 
encysted larvae in their tissues and suc- 
cessfully infected raccoons and skunks 
by feeding them with infected rodents. 
The writer (1950), has re- 
peatedly confirmed these observations 
insofar as the encapsulation of the lar- 
vae of A. columnaris is concerned, but 
has failed to obtain any experimental 
infection of raccoons or skunks. 


has 


present 


This paper reports a series of experi- 
ments that were designed to reveal vari- 
ations in the migratory behavior of the 
larvae of various ascaris species. The 
experiments involved the infection of 
white mice with the embryonated eggs 
and the counting of the larvae in differ- 
ent tissues at various intervals after in- 
fection. The mouse was chosen as an ex- 
perimental animal because its organs 
are small enough to permit reasonably 
accurate counts and it could be 
tained in a uniform size, weight, and 
age for all infections. 


ob- 


METHODS 


Eggs of the various ascaris species were ob- 
tained from the uteri of the worms and were cul- 
tured in moist charcoal for 40 days at room 
temperature before being used. The adult worms 
were obtained from their various host species as 
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follows: A. lumbricoides was obtained from pigs 
at the abattoir, A. columnaris from the skunk 
(Mephitis m. mephitis), Ascaris mustelarum* 
from the fisher (Martes p. pennanti), T. leonina 
from the lynx (Lynx c. canadensis) and the wolf 
(Canis lupus lycaeon), Toxascaris transfuga from 
the black bear (Euarctos a. americanus), T. canis 
from the dog and f@x (Vulpes fulva), and P. 
equorum from the horse. The writer wishes to 
thank Dr. A. de Vos, Mr. C. D. Fowle and other 
members of the Department of Lands and 
Forests, Ontario, for their cooperation in supply- 
ing carcasses of wild animals. N. vitulorum from 
cattle and A. lumbricoides from man were ob- 
tained through the kind cooperation of Dr. R. L. 
Mayhew of the University of Louisiana and Dr. 
P. C. Beaver of Tulane University, respectively. 

Infection of mice was performed by mixing 
the eggs, after an approximate count by dilution, 
with a little powdered meal in a shallow dish. 
The mice were deprived of other food for about 
18 hours before the feeding of eggs and until after 
the contents of the dish were consumed. Eggs 
were administered in the afternoon and the meal 
was finished by the following morning. The mice 
used in these experiments were all males between 
5 and 6 weeks old, and were obtained from the 
Connaught Laboratories of the University of 
Toronto. Most of them harbored two oxyurid 
nematode parasites in the caecum, Syphacia sp. 
and Aspiculuris sp., but no nematode larvae were 
observed in the liver, lungs, intestinal wall or 
carcass of a random sample of 36 of these mice. 
The mice were killed by decapitation at the ap- 
propriate time after infection. Those designated 
as being killed ‘one day" after infection were 
killed in the morning about 42 hours after the 
infective meal was administered. The skin was 
removed, being discarded with the feet and tail; 
the liver, lungs and alimentary tract were re- 
moved for larval counts. The remainder of the 
mouse except for certain other tissues (see below) 
was designated as “the carcass’ and ground in 
the Waring blendor for 45 seconds with 50 cc of 
saline. The emulsion was then mixed with 50 cc 
of saline containing 1 g of pepsin or trypsin. 
Whether pepsin or trypsin was used depended 
upon the time after infection that the mouse was 
killed. It was observed that the larvae of all of 
the species investigated were immobilized by 
peptic digestion if they were less than 8 days old. 
Their immobility resulted in some of them being 
carried to the surface of the digest and being lost 
during removal of the supernatant (see below). 


Iryptic digestion caused no disturbance of 


*The nomenclature of this parasite will be 
considered in a separate publication. 
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mobility even in the youngest larvae observed 
(24 hours) and also produced a more complete 
digestion so that the digest could be centrifuged 
before removal of the supernatant. On the other 
hand, trypsin was not suitable for the carcasses of 
mice killed later than 8 days after infection be- 
cause by this time the larvae of some species had 
become encysted in the tissues, and while peptic 
digestion liberated the larvae from the cysts, 
trypsin failed to do so, with the result that en- 
cysted larvae were retained in the sieve. This did 
not preclude its use on the tissues other than the 
carcass, because the whole centrifuged digest was 
examiiied and encysted larvae could be readily 
counted. For these reasons the carcasses of mice 
killed up to 8 days after infection were digested 
with trypsin while the carcasses of those killed 
later than 8 days were digested with pepsin. If 
pepsin was used the pH of the mixture was ad- 
justed to 1.0 with hydrochloric acid. After in- 
cubation at 37 C in a flask for 2 hours this emul- 
sion was strained through a sieve (20 meshes per 
inch) and poured into a cylinder for sedimenta- 
tion. After a further 2 hours all but 20 cc was 
removed by suction and the remainder was fixed 
with an equal volume of hot 6% formalin. When 
trypsin was used the method was the same as that 
described for pepsin except that the pH was ad- 
justed to 7.0 with 0.1 N sodium hydroxide. After 
digestion with trypsin for 4 hours the digest was 
poured through a sieve and then centrifuged. 
Washing the material in the sieve was a more 
lengthy process than was necessary after pepsin, 
because trypsin did not clean the bones so thor- 
oughly, about 3% of larvae being lost in this 
way. The liver and lungs were each ground with 
25 cc of saline for 45 and 30 seconds, respectively, 
in the Waring blendor. After grinding, the emul- 
sion was poured into a 50 cc pointed centrifuge 
tube containing 0.05 g of trypsin in 5 cc saline. 
The pH was adjusted to 7.0 and the tubes were 
incubated at 37 C for 3 to 4 hours, the tubes being 
periodically shaken. At the end of this time the 
tubes were centrifuged for 5 minutes and all but 
10 cc was removed by suction. The remaining 
material was shaken and preserved by the addi- 
tion of an equal volume of hot 6% formalin. The 
stomach, intestine, and caecum were removed 
and carefully freed of their contents firstly by 
allowing physiological saline solution to run 
through them and secondly by slitting them open 
and rinsing the surface. The washings from these 
operations were allowed to sediment and were 
preserved as ‘intestinal contents.’’ The stomach, 
intestine and caecum were then ground together 
in the Waring blendor for 45 seconds with 25 cc 
of saline. They were subsequently treated in the 
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same manner as the liver and lungs and are re- 
ferred to as “intestinal wall.” 

Each preparation, referred to respectively as 
carcass, liver, lung, intestinal contents and in- 
testinal wall, was stored in a 10 cc screw-cap 
glass bottle. Larval counts were made by first 
removing all but 5 cc of the contents of the bottle 
after complete sedimentation. In the case of the 
intestinal wall it was occasionally necessary to 
retain 10 cc to avoid removing any of the sedi- 
ment. The bottle was then thoroughly shaken, 
and 1 cc was quickly transferred with a pipette 
fitted with a bulb into a shallow glass dish which 
fitted the mechanical stage of the microscope. 
The total number of larvae occurring in half the 
dish were then counted, using a ruled eyepiece 
as a guide. In some instances there were too 
many larvae or the material was too opaque for 
this method of counting, in which case the volume 
was reduced to 3 cc and, after thoroughly shaking 
the bottle, 0.1 cc was removed with a pipette 
(a 1.0 cc graduated pipette with all but 2 divi- 
sions cut off). With practice it was possible to 
deliver 0.1 cc on to a slide with a minimum of 
delay to avoid any sedimentation either in the 
bottle or in the pipette. A coverslip was then ap- 
plied to the drop on the slide. By the first method 
the number counted was multiplied by 10; by the 
second method three such counts were made and 
the average multiplied by 30. 

The counts made of the larvae cannot be re- 
garded as total counts for each mouse because 
certain organs were excluded. The head was dis- 
carded to avoid mixing of larvae which might be 
encapsulated in the tissues as a result of arterial 
distribution and larvae which might have mi- 
grated up into the nasal passages and sinuses 
from the lungs. Likewise the mesenteries, spleen 
and h@art were not used for counting to avoid as 
far as.possible mingling of larvae from different 
sources. In addition to these discarded tissues 
there were some tissues kept for histological ex- 
amination, namely a piece of lung, liver, kidney 
and rectum. The sizes of these pieces were, as 
nearly as possible, the same for each mouse. Loss 
of larvae through digestion was estimated using 
liver and lung emulsions containing larvae of 
various species. The emulsions were mixed into 
three equal parts after emulsification. One part 
was digested with trypsin, another with pepsin 
and the third was not digested. Counts on these 
samples showed the superiority of the trypsin 
method in producing a more or less clear medium 
in which larvae were still mobile and thus easily 
and quickly counted. There was no significant 
difference in the total numbers of larvae in the 
three digests, though it was observed that a few 
larvae (about 0.1%) in the tryptic digest showed 
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signs of partial digestion. It seems likely that 
while trypsin when used as described above does 
not harm the living larvae, it may partially 
digest the dead ones. Loss of small larvae by 
obliteration in the Waring blendor was estimated 
by comparing the number of larvae in teased 
brain tissue before and after the use of the 
blendor. The effect on l@rger larvae could be 
readily observed because the severed parts were 
observable. The indications were that errors in 
larval counts due to the use of the Waring blendor 
were negligible. 


EXPERIMENTAL 


Experimental work consisted of the 
infection of several series of mice with 
the eggs of different ascaris species. At 
daily intervals for 14 days after infec- 
tion two mice were killed; at 21 and 28 
days after infection three mice were 
killed; counts were made of the larvae 
recovered from the various organs. In 
this way an average count of the num- 
ber of larvae occurring in a particu- 
lar location of the mouse on different 
days following infection was obtained 
for several ascaris species. These counts 
are shown graphically in figures 1 to 8. 
For infection with 7. leonina and T. 
canis 2500 eggs were given to the mice; 
for the remaining species 5000 eggs 
were given. 


Ascaris lumbricoides 


Figures 1 and 2 show that the larvae 
of the two strains of A. lumbricoides 
pass from the intestinal tract to the 
liver, where most of them remain for 
the first four days of infection. They do 
not become lodged in the wall of the in- 
testine during their migration to the 
liver, although separate counts have 
shown that some of them do remain in 
the mesentery and associated tissues 
for the first three days. After four days 
the larvae began to leave the liver and 
appeared in the lungs in numbers which 
increased up to the 8th day. The lungs 
at this time showed severe and uniform 
congestion. After reaching the lungs the 
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larvae, according to Fiilleborn (1921a 
and 1925), have two pathways which 
they may follow. One is to break 
through the alveolae and to travel up 
the trachea. to the intestinal tract. In 
these experiments larvae appeared in 
the intestinal! contents about five days 
after infection and continued to appear 
regularly for about a week. This mi- 
gratory pathway will be referred to as 
the tracheal type of migration. The 
other pathway is to return to the heart 
from the lungs and to be distributed to 
various organs via the arterial system. 
This migratory pathway will be referred 
to as the somatic type of migration. 
The larvae appeared regularly in the 
carcass after about the fifth day of in- 
fection, although most of them had dis- 
appeared from the carcass by three 
weeks after infection. This indicates 
that they were either destroyed or 
reached some location whence they had 
access to the outside. None was ob- 
served to be alive after two weeks. It 
was evident that the majority of the 
larvae of both strains of A. lumbricoides 
follow the tracheal type of migration. 
The liver can be regarded in infection 
with this species as a reservoir where 
most of the larvae collect for the first 
four days of infection. After that time 
a flow of larvae commences to pass from 
the liver to the anus via the lungs, tra- 
chea and esophagus. The number of lar- 
vae recovered from the intestinal con- 
tents at any particular time probably 
depends upon the number of larvae in 
the liver at the beginning of the infec- 
tion and upon the rate and duration of 
the migration. The occurrence of larvae 
in the intestinal wall probably indicates 


that some of them became temporarily 
enmeshed among the villi on their way 
out. Comparison between the distribu- 
tion of larvae in mice infected with the 
pig and human strain of A. lumbricoides 
showed no significant difference in mi- 
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gratory behavior, but the human strain 
appeared to have about twice the infec- 
tivity. 


Parascaris equorum 


The migratory behavior of the larvae 
of this parasite (see fig. 3) resembled 
that of the larvae of A. lumbricoides 
from the pig. No larvae were retained in 
the intestinal wall before reaching the 
liver. The number of larvae in the lungs 
increased after the seventh day and 
rapidly decreased after the tenth day. 
Compared with A. lumbricoides, migra- 
tion to the lungs appeared to be more 
gradual and at no time did the number 
of larvae in the lungs increase appre- 
ciably above the number recovered 
from the same animal's liver. This sug- 
gests that the outward flow was more 
steady and that there was less delay 
in the lungs. The larvae of this species 
followed almost entirely the tracheal 
type of migration, very few larvae ap- 
pearing in the carcass and none remain- 
ing after four weeks. 


Ascaris mustelarum and 
Ascaris columnaris 


The larvae of A. columnaris and A. 
mustelarum can be considered together 
because their migratory behavior ap- 
peared to be very similar, though in 
marked contrast with that of A. lum- 
bricoides. The most conspicuous char- 
acteristic (see fig. 4 and 5) was the 
more rapid and widespread migration of 
the larvae. On the first day after infec- 
tion the larvae had reached the lungs 
and many of them had been distributed 
throughout the carcass. Mice were ob- 
served to show the most severe pulmo- 
nary symptoms on the third and fourth 
day of infection, at which time the lungs 
were uniformly dark red. While a few 
larvae appeared in the intestinal con- 


_tents, possibly after a tracheal type of 


migration, most of them appeared to 
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Fig.2 Ascaris lumbricoides (Human) 
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undergo the somatic type of migration, 
being distributed to the carcass. A rela- 
tively large number of larvae was re- 
covered from the carcass between the 
fourth and the 28th day after infection. 
It therefore seems likely that the so- 
matic migration occurs mostly within 
the first three days after infection. This 
would explain the early onset of pneu- 
monia, several thousand larvae prob- 
ably passing through the lungs within 
two or three days. Many larvae were 
recovered from the liver, lungs and in- 
testinal wall throughout the whole 
course of infection with A. columnaris, 
but tended to become less numerous 
with the passage of time in the case of 
A. mustelarum. Some of 
may have remained 


these larvae 
the initial 
migration through these organs, while 
others may have been distributed dur- 
ing the somatic migration after passage 
through the lungs. At about ten days 
after infection encapsulation of the 
larvae began to be evident; in the case 
of A. columnarts the heart, kidneys and 
liver showed the presence of white spots 


from 


containing living larvae (see fig. 9). 
These were not so conspicuous in the 
case of A. mustelarum, in which species 
rectangular white spots were particu- 
the subcutaneous 
tissues, especially in the neck region, 
on the back 


larly numerous in 
and over the intercostal 
spaces (see fig. 10). Evidence of larval 
migrations in the form of red spots and 
streaks were visible, particularly on the 
the skin, on the 
hemispheres and on the kidneys, within 
three days of infection in the case of 
both parasites. In the case of A. colum- 


surface of cerebral 


naris the mice began to show symptoms 


of injury to the central nervous system 
on the 17th day after infection; they 
frequently held their head on one side 
and some died at this stage. Nervous 
symptoms were not observed in infec- 
tions other than A. columnaris. 
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Toxascaris leonina 


Most of the larvae of this parasite 
(see fig. 6) appeared to remain in the 
wall of the intestine until the end of the 
first week, when the number of larvae 
recovered from the carcass began to 
increase and was maintained to the end 
of the experiment. The lungs had a dis- 
tinctly mottled appearance on the sixth 
day after infection and this continued 
until 14 days after infection. Larvae 
were more frequently observed in the 
liver and lungs in the second week of 
infection. These observations indicate 
that the larvae of this parasite undergo 
a delayed somatic migration about a 
week after infection. Encapsulation of 
larvae was first evident at eight days 
after infection, particularly on the wall 
of the intestine and caecum, but also 
on the subcutaneous tissues of the neck, 
back and intercostal region. At 11 days 
the number of larvae in the intestinal 
wall began to decline, many of the cysts 
being empty. This can probably be ex- 
plained by the migration of the larvae 
into the intestinal lumen and _ their 
elimination in the feces. It would ap- 
pear that these results confirm those of 
Wright (1935), the larvae of this species 
showing a tendency to remain in the 
intestinal wall. However, a considerable 
number of larvae reached the carcass 
and were still alive after 28 days. 

Toxascaris transfuga 

The larvae of this species (see fig. 7) 
showed a marked tendency to remain in 
the intestinal wall, resembling in this 
respect the larvae of 7. leonina. A con- 
siderable number of larvae had evi- 
dently migrated to the lungs by the first 
day, at which time the lungs showed red 
spots and patches which increased to a 
uniform congestion by the third day. 
The appearance of larvae in the lungs 
and carcass on the first day of infection 
indicated that somatic migration oc- 
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curred earlier with 7. transfuga than 
with 7. leonina. The larvae observed in 
the contents of the intestine during the 
first week of infection were probably 
those which had undergone a tracheal 
migration, while those appearing later 
were probably partly derived from the 
intestinal wall. Encapsulation of larvae 
on the intestinal wall was first observed 
at eight days. After this time encapsu- 
lated living larvae were observed regu- 
larly on the rectum, caecum and in the 
subcutaneous tissues of the neck, back 
and intercostal regions (see fig. 11 and 
12). 
Toxocara canis 

The migration of the larvae of 7. 
canis (see fig. 8) resemble those mani- 
fested by A. that the 
larvae appear in the carcass relatively 
early in the infection. They differ in the 
the 


columnaris in 


absence of larvae from intestinal 


Fic. 9. 


in heart and liver of mouse at six weeks after in- 


Encapsulated larvae of A. columnaris 


fection, 


Fic. 10. muste- 
larum in musculature of mouse at six weeks after 


Encapsulated larvae of A. 


infection. 


contents, which probably indicates an 
exclusively somatic type of migration. 
They differ also in the early disappear- 
ance of larvae from the intestine, liver 
and lungs. The kidneys were particu- 
larly severely affected by this species, 
red streaks and spots becoming evident 
on the surface at about three days after 
infection. Separate counts of the larvae 
in the kidneys showed that the larvae 
enter the kidneys within two days of in- 
fection but have mostly left them by the 
seventh day. Encapsulated larvae were 
first observed on the 12th day after in- 


fection. They occurred most frequently 


on the subcutaneous tissues of the back, 
legs and chest. 


Neoascaris vitulorum 


Sufficient eggs of this parasite were 
not available. Further investigation is 


necessary before any conclusions are 


made regarding its migratory behavior. 











Fic. 11. 
in caecum of mouse at four months after infec 
tion. 


Encapsulated larvae of T. transfuga 


DISCUSSION 


The results recorded above demon- 


strate that the various ascaris species 


investigated can be grouped into two 
categories depending upon the migra- 
tory behavior of the larvae. The first 
category contains those spec ies whose 
larval migrations lead to temporary in- 
fection of the rodent. The second cate- 
gory contains those whose larval migra- 
tions lead to semipermanent or perhaps 
permanent infection of the rodent. In 
the first category may be placed both 
human and porcine strains of A. lumbri- 
coides and also P. equorum. Figures 1 to 
3 show that 28 days after infection the 


mice were practically free of larvae. 


The larvae had migrated to the liver 


and lungs and then, after a tracheal 


type of migration, were eliminated via 
the intestine results are in 


These ac- 


cordance with the view that with these 
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species infection of the rodent and the 
migrations of the larvae in the rodent 
are accidental, the larvae behaving in 
the rodent as they do in the definitive 
host. The second category contains A. 
columnarts. A. mustelarum, T. canis 
T. leonina, and T. transfuga. The mice 
infected with the larvae of these para- 
sites all showed at 28 days after infec- 
tion the presence of living larvae en- 
capsulated within various tissues. In the 
case of both Toxascaris spp. many lar- 
vae were observed in the intestinal wall, 
while in the other species they were 
mostly distributed among the somatic 
tissues. 

It is necessary at this point to con- 
sider the significance of encapsulated 
larvae in the life history of these para- 
sites. Three interpretations could be 
used to explain their presence. The first 
interpretation is that the behavior of the 
larvae in the rodent is of no significance 
in the life history of the parasite because 


Fic. 12. 
from intercostal muscles of mouse four months 
after infection. X57, 


Encapsulated larvae of T. transfuga 
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it results from accidental entry into an 
abnormal environment. In other words, 
if the larvae had gained access to the 
definitive host they would have under- 
gone a migration which would have led 
to intestinal infection rather than so- 
matic infection. The second interpreta- 
tion is that the behavior of the larvae 
in the mouse may be a definite adapta- 
tion towards utilization of the rodent as 
a true intermediate host. The third 
interpretation is that the larvae in the 
mouse are behaving in the same manner 
as they do in the definitive host. 

The first interpretation would appear 
to be feasible if it were proved that 
natural infection of the definitive host 
occurred through the ingestion of em- 
bryonated eggs, and that the larvae 
undergo a tracheal type of migration in 
the definitive host, resulting in intes- 
tinal infection in the manner described 
for A. lumbricoides. This in the opinion 


of the writer has not been conclusively 
proved for any of the ascaris parasites 
of carnivores. 


In support of the second interpreta- 
tion are instances where experimental 
intestinal the definitive 
host has been achieved through the in- 
gestion of a rodent harboring encapsu- 
lated larvae. Tiner’s (1949) results, if 
confirmed, will be strong support for 
this interpretation in the case of A. 
columnaris. For the following additional 
reasons it appears likely that rodents 
act as true intermediate hosts in the life 
history of A. columnaris and A. mus- 
telarum. Firstly, it was observed in the 
case of A. mustelarum that about four- 
fifths of the larvae ingested as eggs 
made their way to the somatic tissues 
of the mouse. If a similar migration 
were to occur in the definitive host, it is 
evident that only a fifth of the larvae 
ingested could return to the intestinal 
lumen. All other larvae could be encap- 
sulated unless they entered fetal tissues. 


infection of 
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As immature forms of these species are 
frequently encountered in adult animals 
it seems unlikely that prenatal infection 
is the method of infection. 
Secondly, in the present writer’s ex- 


regular 


perience (unpublished) the eggs of these 
species are noninfective to their defin- 
itive hosts. Whether natural infection 
with Toxocara spp. and Toxascaris spp. 
can occur through ingestion of encap- 
sulated larvae from rodents awaits 
further experimentation. Nevertheless, 
the presence of living larvae in the 
tissues of mice indicates at least that 
temporary intestinal infection with these 
species must take place if the definitive 
host eats infected mice. Fiilleborn 
(1921b) recovered larvae of JT. canis 
from the lungs of a dog which had 
swallowed encysted larvae. 

The third interpretation, namely 
that the behavior in the mouse is similar 
to that occurring in the definitive host, 
is strongly supported in the case of T. 
leonina and T. transfuga. The encapsula- 
tion of the larvae in the intestinal wall of 
the mouse appears to resemble that de- 
scribed by Wright (1935) as occurring in 
the dog. In this case the encapsulated 
larvae are able to return to the intestinal 
lumen and thus direct infection by eggs 
is made possible. It seems likely that 
this third interpretation fits the case of 
T. canis and possibly also N. vitulorum. 
With both these parasites prenatal in- 
fection appears to be the usual mode of 
spread (see Introduction). If an ex- 
clusively somatic type of migration oc- 
curred in the definitive host as was ob- 
served in the mouse infected with T. 
canis, larvae would not reach the in- 
testinal lumen of the animal ingesting 
the eggs, but would, among other tis- 
sues, be distributed to the placenta, 
whence they could reach the fetal liver 
and lungs. In this way prenatal infec- 
tion would become the only method of 
infection. 
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SUMMARY 

Mice were infected by feeding the 
embryonated eggs of the following as- 
caris species: Ascaris lumbricoides (pig), 
Ascaris lumbricoides (human), Ascaris 
columnaris, Ascaris mustelarum, Paras- 
caris equorum, Toxascaris leonina, Tox- 
ascaris transfuga and Toxocara canis. 
The distribution of the larvae in the 
various tissues of the mice at daily inter- 
vals from one to fourteen days as well as 
at three and four weeks after infection 
was investigated. 

Two kinds of migratory behavior 
observed. The first was mani- 
fested by most of the larvae of A. lum- 
bricoides and P. equorum and consisted 
of migration through the liver, lungs 
and intestine, followed by eventual dis- 
appearance of living larvae from the 
tissues of the mouse (tracheal migra- 
tion). The second type of migratory be- 
havior was manifested by the larvae of 
the other species investigated, and re- 
sulted in more or less permanent infec- 
tion of the rodent with encysted but liv- 
ing larvae (somatic migration). While 
the encysted larvae of T. canis, A. col- 
umnaris and A. mustelarum occurred 
mostly in the subcutaneous connective 
tissue and in tissues other than the in- 
testines, many of the larvae of T. leonina 
and 7. transfuga were encysted in the 
wall of the caecum and rectum. 


were 
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One of the difficulties in the study of 
therapy in moniliasis is the absence of a 
small laboratory animal that is readily 
killed by the etiologic organism, Can- 
dida albicans. Although the rabbit is 
extremely susceptible to infection, the 
use of the rabbit introduces problems 
relating to space, expense, and avail- 
ability, where large numbers of animals 
are necessary. Therefore, attempts were 
made to produce high rates of infection 
and mortality in a small laboratory 
animal. The present report shows that 
uniformly successful results can be ob- 
tained in the white Swiss mouse (Rocky 
Mountain Laboratory strain). 


MATERIALS AND METHODS 


Four isolates of C. albicans were used: 3148 
the collection at National Institutes of 
Health) had been obtained from a case of endo- 
carditis; 3160,* from the American Type Culture 
Collection; 3161* from an adult case of thrush; 
and 3162* from a normal throat. The cultures 
were maintained on agar slants containing 2% 
dextrose and 1% Difco Neopeptone. The inocu- 
lum was prepared from 24- to 48-hour cultures of 
the yeast phase grown at 37 C in a broth com- 
posed of Difco casamino acids, 10 g; yeast extract, 
1.8 g; NaCl, 1.5 g; KCl, 1.5 g; NasHPQO,, 1.5 g; 
dextrose, 2 g; and distilled water to make 1000 
ml. One hundred and fifty ml of broth were dis- 
pensed in 500-ml flasks and kept in constant 
motion on a rotary shaker during the incubation 
period of 24 to 48 hours. The number of cells was 


(from 


determined by means of a Levy hemacytometer. 
Che number of viable cells was not determined by 
plate count because the cells form small groups, 
making such counts inaccurate. 

The 5% gastric mucin was prepared as follows: 
granular mucin (type 1701-W, Wilson Labora- 
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tories) was suspended by a Waring blendor to a 
concentration of 5% in distilled water. After 
standing for about 48 hours, the pH was ad- 
justed to 7.2 with sodium hydroxide and the re- 
sulting suspension filtered through fine cheese- 
cloth. The mucin suspension was then sterilized 
by heating to 100 C for three 30-minute periods 
within 24 hours. The 5% mucin was then in- 
jected into mice with an equal amount of cells in 
saline. 

Sixty-day-old mice were used throughout, ex- 
cept for the experiments in which the influence 
of age on mortality was studied. Their average 
weight was 26.5 g for the males and 21.3 g for the 
females. Cultures of the kidney and liver were 
made from the mice that died spontaneously on or 
before the 30th day after inoculation and in- 
cubated at room temperature. 


RESULTS 


The number of fatalities in mice in- 
oculated intraperitoneally with suspen- 
sions of the yeast cells of C. albicans in 
mucin was much greater than the num- 
ber of fatalities in the mice inoculated 
similarly with saline suspensions (table 
1). 


TABLE 1.—Effect of mucin on virulence of isolate 
3148 of C. albicans in 60-day-old mice (deaths 
within 30 days after inoculation). 


Number of deaths in 
mice inoculated 


Dose per with cells in 


injection X 10¢ 

(in 0.5 mi) 25% 

Saline 2.5% 

mucin 
0/6t 5/6 
0/6 5/6 
0/6 2/6 
22 0/12 7/12 


21 0/6 6/6 
5 0/6 5/6 
1.25 0/6 3/6 
0/6 


0 (controls) 0/13 


* These experiments extended over a period of six months. 
Both male and female mice were used, but in similar quan- 
tities in the groups with and without mucin. 

In this and other tables the numerator indicates the 
number of deaths and the denominator the total number 
of mice in a particular experimental group. 


7 
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TABLE 2.—Relationship of size of dose of isolate 48 mice inoculated with doses of 1.25 
3148 (C. albicans) in 2.5% mucin and mortality X10® to 22108 in saline, no mice died, 
of 60-day-old rsciand vice. in contrast to the 33 (699%) that died 
Total dose nites : when the inoculum was suspended in 
wi 108). in mice — 2.5% mucin. 

198 $7/S7 100 When very large doses were used, 
in death also occurred among the mice 
that were inoculated with the fungus 
cells suspended in saline. For example, 
© The dose was mined with an equal quantity of 5% 4 Of 14 mice died when injected intra- 
mucin, and 0.5 ml was injected intraperitoneally into each peritoneally with 198X10® cells in 
m“ Males and females were used in comparable quantities. mucin or in saline. However, all of the 
mice that were inoculated with cells in 
In the groups of animals inoculated mucin were dead by the start of the 
with over a million organisms in mucin, third day, whereas the mice that were 
one or more animals died before the inoculated with cells in saline died from 

30th day after injection. However, of the _ the third to the 19th day. 








MORTALITY 
(PERCENT OF TOTAL MICE INOCULATED) 











7, u _— 
10 20 30 
TIME OF DEATH IN DAYS 
Fic. 1.—Cumulative death rates for 60-day-old Swiss mice within 30 days after infection with 
varying doses of the yeast cells of isolate 3148 of C. albicans. Solid circle = 198 X 10° cells, circle = 66 
X10* cells, solid triangle =49.5 X 10° cells, triangle = 22 X 10° cells, square = 16.5 X 10° cells. 
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Examination of the death rates of 
60-day-old mice inoculated intraperi- 
toneally with varying doses of cells in 
2.5% mucin indicates that for isolate 
3148 the LDyoo was about 99 X10® cells 
and the LDs slightly below 22 X105 
cells (table 2). The time of death after 
infection also varied greatly according 
to the number of cells in the inoculating 
dose (fig. 1), with the higher doses caus- 
ing earlier deaths. 

The kidneys of all animals that died 
were cultured on agar slants, and with 
the exception of two that were bacte- 
rially contaminated, all yielded growth 
of C. albicans. Gross lesions were fre- 
quently seen on these kidneys and oc- 
casionally on the liver and intestines. 

Examination of the susceptibility of 
mice of different ages to suspensions of 
isolate 3148 in 2.5% mucin revealed 
marked differences (table 3). The pooled 
results of all experiments for a single age 
showed that 17 of 18 of the three-week- 
old mice died within 30 days after in- 
fection. The younger mice also died at a 
faster rate at a given dose, and with a 
smaller inoculum than the older ones. 
Six of six three-week-old mice died with- 
in 48 hours after a dose of 69 X 108 cells, 
while the fifth and last of six 13-week- 
old mice died 21 days after infection. 

Sex, however, had no marked influ- 
ence on the susceptibility of 60-day-old 
mice to infection. Of 195 males and 180 
females inoculated intraperitoneally at 
various times with equivalent doses of 
cells in mucin, mortality was almost the 
same, namely, 51.8% for the males and 
46.1% for the females. The rate at which 
the two sexes died seemed somewhat s 
similar (fig. 2), except for a slight tend- | BZ | eterno 
ency of the females to die at a faster 
rate during the first week after inocula- 
tion. 

C. albicans was recovered in culture 
from the kidneys of each mouse that 
died, with the exception of five. Of these, 
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Inoculated with 7.7 X10¢ cells 
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cultures from four were bacterially con- 
taminated, and one was negative. Gross 
lesions were observed on the kidneys of 
24 of 139 mice. 

Series of female mice were also in- 
fected by different routes, namely, in- 
traperitoneal, subcutaneous, intracere- 
bral, and intercardial, and the resulting 
mortalities compared (table 4). 

Marked death 


differences in rates 


S. B. SaLvin, J. C. Cory, 


AND MARGARET K. BERG 


age of animals was dead varied greatly. 
For example, of the 60 animals infected 
intracerebrally, all were dead seven days 
later, with 65% having died during the 
first 24 hours postinoculation. Fifty 
percent of the mice injected intraperi- 
toneally were dead by the fifth day. 
When the mice were injected intra- 
cardially 50% were also dead by the 
second day. Of interest is the fact that 
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Cumulative death rates among male and female mice within 30 days after infection with 


doses of 5.5 10® to 198 X 108 yeast cells of isolate 3148 of C. albicans. 


were observed, depending on the route 
of inoculation. After the pooling of the 
results of all experiments for a single 
route of infection, it was obvious that 
inoculation by the intracerebral route 
produced the percentage of 
deaths. Injection by the subcutaneous 
route, on the other hand, induced al- 
most no fatalities. Introduction of the 
fungus cells by the intraperitoneal or 
intracardial routes resulted in an inter- 
mediate number of deaths. 

Not only were there marked differ- 
ences in the percentages of deaths, ac- 
cording to the inoculation route, but 
also the time by which a given percent- 


highest 


the two deaths among the mice infected 
subcutaneously occurred within 48 hours 
after infection. 

The virulence of four strains of C. al- 
bicans was then compared by intraperi- 
toneal inoculation of fungus cells in 2.5 
mucin (table 5). It is evident that the 
percentage of mice that died from any 
given dose depended on the particular 
strain used. For example, an intraperi- 
toneal injection of 66 X 10° cells in 2.5% 
mucin caused the death of 23 of 28 mice 
(82%) for isolate 3148, eight of 28 (29%) 
for isolate 3160, 28 of 28 (100%) for 
each of isolates 3161 and 3162. 

There was also a marked difference in 
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the time by which any given percentage 
of mice was dead due to a specified dose. 
For example, when the mice were in- 
fected with 66X10° organisms of iso- 
late 3148, 50% of the mice had suc- 
cumbed by the 11th day. A similar dose 
of 3160 killed only 29% of the mice. A 
similar inoculation of either isolate 3161 
or 3162 produced death of 50% of those 
inoculated early on the third day. When 
the time of death due to inoculation of 


tions be rigidly controlled. This applies 
not only to the inoculum, which should 
be grown with continuous agitation for 
24 to 48 hours in a satisfactory medium 
after transfer from a stock culture, but 
also to the mice, which must be of a 
suitable age and sex. The use of 2.5% 
mucin as a vehicle for injecting the fun- 
gus cells has made possible the em- 
ployment of a relatively small number of 
cells to produce a high percentage of 


TABLE 4.—Comparison of mortalities of 60-day-old mice injected with one of three doses of yeast 


cells of C. albicans in 2.5% mucin by one of four specified routes. 
Dose of 
injection X 10* 


Intra- 
peritoneal 


Subcu- 
taneous 


Intra- 


Intra- 
cerebral 


cardial 





66 19/20 
22 15/20 

7.3 
T 


otal 
0 (mucin alone) 


0/20 
2/10 
0/20 
2/50 (4%) 
0/12 


20/20 

20/20 

20/20 

60/60 (100%) 
2/12 


8/17 
18/20 
5/20 

39/60 (65%) 
0/12 


17/19 
43/56 (77%) 
1/12 


TABLE 5.—Comparative death rates of 60-day-old mice within 30 days of an intraperitoneal inocula- 
tion with varying doses of one of four isolates of C. albicans. 


Dose ( X10*) 


Number and (%) deaths due to isolate: 





3148 


3160 


3161 a 





28/28 (100) 
23 /28 (82) 
9/14 (64) 
9/28 (32) 
Ss 1/14 (7) 
Mucin 0/14 


isolate 3161 or 3162 was compared at a 
weaker dose level, such as 22 X 108 cells, 
it was found that 50% of those infected 
with 3161 were dead by the 15th day; 
with 3162, by the 13th day. 

Thus, isolate 3160 was a compara- 
tively avirulent strain, 3148 somewhat 
more virulent, and 3161 and 3162 the 
most virulent and about equally so. 
This virulence was indicated both by the 
time of the deaths and the number of 
deaths due to a given dose. 


DISCUSSION 


The preceding experiments indicated 
that a base line for the determination 
of the virulence of C. albicans in white 
Swiss mice can be obtained. However, 
it is essential that experimental condi- 


17/28 (61) 
8/28 (29) 
1/14 (7) 
1/14 (7) 


0/14 (0) 
0/14 


28/28 (100) 

28/28 (100) 
14/14 (100) 

24/28 (86) 
17/28 (61) 
4/14 (29) 
0/14 


28 /28 (100) 
28/28 (100) 
10/14 (71) 
25/28 (89) 
12/28 (43) 
6/14 (43) 
0/14 


fatalities. By varying the number of 
organisms inoculated in mucin, the 
route of injection and the age of the 
mice, the death rate and the time lapse 
between infection and death could be 
controlled. Experiments which hereto- 
fore had been limited by the relative 
resistance of small laboratory animals 
(e.g., mouse, rat, and guinea pig) to in- 
fection by C. albicans now may be car- 
ried out because of the virulence en- 
hancement by the mucin. This action 
of mucin with C. albicans is seemingly 
similar to that of mucin with Histo- 
plasma capsulatum.' 


1. Campbell, C. C. and Saslaw, S. 1950, Use of 
mucin in experimental infections of mice with 
Histoplasma capsulatum. Proc. Soc. Exper. 
Biol. & Med. 73: 469-472. 
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SUMMARY 

1. In a series of experiments over a 
six-month period, 24 to 100% of white 
Swiss mice died within 30 days after 
being injected intraperitoneally with 
doses of 1.25 X10® to 22 K10* yeast cells 
of Candida albicans when suspended in 
2.5% No mice died when in- 
oculated with similar numbers of cells 


mucin. 


in saline. 


2. Twenty-one-day-old mice were the 


most susceptible of the six age groups 
tested (three to 13 weeks). 

3. There was no marked difference 
in susceptibility between male and fe- 
male mice of sixty days’ age after intra- 
peritoneal infection with the organism 
in mucin. 


4. Of four infection routes studied, 
the intracerebral one produced the most 
fatalities and the subcutaneous route 
the least fatalities. Inoculation by the 
intraperitoneal or intracardial routes 
was intermediate in its effect. 

5. Four isolates showed distinct dif- 
ferences in their virulence in 60-day-old 
mice. 


During the preparation of this paper, the pub- 
lication entitled ‘The use of gastric mucin to 
lower resistance of laboratory animals to systemic 
fungus infections,’ by Richard E. Strauss and 
Albert M. Kligman, appeared in the Journal of 
Infectious Diseases, 88: 151-155. These authors 
reported 28 of 30 mice died after infection with 
C. albicans in gastric mucin. None of 30 control 
animals died within 14 days after inoculation. No 
further data are given. 
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Ever since the work by Gregg,! which 
called attention to the significance of 
German measles as a cause of congenital 
defects when the disease attacks moth- 
ers during the first trimester of preg- 
nancy, concern expressed 
about the means for avoiding this 
eventuality. Actually, the exact risk 
involved, in terms of the percentage of 
such pregnancies which end in the birth 
of a defective child, is not known. How- 
ever, based on the reported evidence,?~* 
there is no doubt that a relationship 
exists between the appearance of certain 
congenital defects and the occurrence of 
German measles in the mother early in 
pregnancy. This association has ap- 
peared so striking to some authors that 
they have advised therapeutic abortion 
in instances where pregnant women 
have acquired the disease early in preg- 
nancy. Others have urged that young 
girls be exposed deliberately to the dis- 
ease early in life for the purpose of ac- 
quiring persistent immunity.’ Finally, 


has’ been 
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many have suggested that exposed preg- 
nant women be passively immunized 
with convalescent serum or immune 
serum globulin. Several attempts have 
been made to evaluate this procedure 
but with inconclusive results, largely 
because of the small size of the groups 
involved*:? or because of inadequately 
controlled observations. One report® 
is more impressive than others and in- 
dicates very adequate protection af- 
forded by immune globulin during the 
period 4 to 18 days after inoculation 
The present study was initiated in order 
to evaluate further the prophylactic use 
of immune globulin. 

A situation appropriate for study was 
discovered at the Rome State School 
in Rome, New York, an institution 
housing 4113 mentally defective pa- 
tients. The first discovered case of Ger- 
man measles had onset on July 24, 
1948, and from that time, the disease 
existed almost continuously in the 
population until May, 1949, a total of 
410 cases having been reported. It smol- 
dered in’ endemic fashion in several 
buildings, occurring in explosive out- 
break fashion from time to time as new 
buildings became involved. During this 
period of nine months, the attack rate 
by age groups was as follows: 0 to 9 
years, 38.9%; 10 to 14 years, 20.9%; 
15 to 19 years, 11.0%; 20 years, 1.9%. 
Actually, 67% of the population of the 


6. Greenberg, M. 1947, M. Clin. North America, 
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TABLE 1.—German measles at Rome State School. 
Age distribution of immunized and control groups 
and the cases developing during the 20-day period 
following administration of immune serum globulin, 
lot no. 8214-2. First study. 





Cases of 
German measles 


Treated 


Population 
} pen eee Brad, 
Treated Controls 





Controls 





8 0 1 
72 14 10 
64 3 9 
38 6 6 
4 0 





institution falls in the age group over 20 
years. 

The disease in this institution was 
clinically similar to that described as 
German measles in various textbooks. 
It was essentially afebrile, with occa- 
sional patients showing fever of 101 F 
or higher on the first day of illness. Con- 
stitutional symptoms appeared absent 
or minimal, and prodromata were not 
remarkable although evidence of mild 
coryza was present occasionally. There 
were no Koplik spots. The commonly 
described enlarged postcervical lymph 
nodes were observed in a large majority 
of the patients. The rash consisted of 
small light pink macules, usually dis- 
crete in nature, and occasionally scar- 
latiniform in appearance. Generally, 
the face and trunk were primarily in- 
volved, although the extremities like- 
wise showed rash in many instances. 
This rash persisted for varying intervals 
from one to three days. In connection 
with establishing the diagnosis, frozen 
nasal washings and defibrinated blood 
were submitted to the National Insti- 
tutes of Health for study. Some of this 
material has produced a German mea- 
sles-like disease in monkeys.!® Further 
studies are planned. One additional 


10. Habel, K. Personal communication. 
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point bearing on the diagnosis is the 
absence of measles from the institution 
throughout this period. Measles was 
introduced during March, 1949, and 
during the ensuing two months 389 
cases were reported, many of these ill- 
nesses occurring in those listed pre- 
viously as cases of German measles. 


METHODS 

Three separate studies were carried out using 
essentially the same technique but different lots 
of immune globulin.* The procedure was to de- 
termine the population exposed to German 
measles, to weed out those individuals who had 
already suffered from the disease during the cur- 
rent outbreak, to prepare an alphabetical iist 
of the remaining individuals and then to im- 
munize alternate persons on this list with 0.1 
ml of immune globulin per pound of body weight. 
Past histories concerning infection with German 
measles were either lacking or completely un- 
reliable, so that the true susceptibility of the 
population could not be accurately assessed. 
Following the immunization procedure, daily 
inspection of the children in the study was done 
by both nursing and medical personnel. Detailed 
clinical records were kept on the occurrence of 
illness. It is important to note that those par- 
ticipating in the follow-up studies had no definite 
knowledge as to which children had been im- 
munized. 


First study 

The first trial of this prophylactic 
measure was initiated on August 5 and 
6, when 199 inmates in two exposed 
buildings were immunized. These par- 
ticular buildings housed male patients 
in the age groups illustrated in table 1. 
During the two-week period prior to 
initiating the study, 39 cases of German 
measles had been reported from these 
particular buildings, and it was assumed 
that the large bulk of the population 
had been effectively exposed. The dos- 
age of immune globulin utilized differed 
slightly from that outlined above, 


* The immune serum globulin (human) used 
in this study was furnished by the American Red 
Cross. 
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namely, patients weighing less than 50 
pounds were given 5 ml, those weighing 
50 to 99 pounds were given 10 ml, and 
those weighing over 100 pounds, 15 ml. 
Careful daily inspection of these pa- 
tients during the ensuing three-week 
period failed to show any evidence of 
protection furnished by the immune 
globulin, as illustrated in tables 1 and 2. 
It will be noted that 26 cases of German 
measles occurred during this period 
both in the immunized and control 
groups. Review of the clinical records 
did not indicate any modification of the 
signs and symptoms of the disease pro- 
duced by the immune globulin. 

A question immediately arose con- 
cerning the quality of the immune glob- 
ulin utilized. This particular lot (no. 


nins, diphtheria antitoxin, and mouse 
protection against the P.R. 8 influenza 
virus failed to show any significant 
change in the level of these antibodies 
as compared to the determinations car- 
ried out four years previously on the 
same lot. Since the material had been 
adequately stored, it seems likely that 
the antibody content to most diseases 
had not deteriorated over this time 
interval. Nevertheless, in view of the 
remote possibility that this particular 
lot of immune globulin was at fault, it 
seemed essential to carry out further 
studies on this subject using fresh im- 
mune globulin. Accordingly, the epi- 
demic at Rome was watched carefully 
so as to discover early the involvement 
of new buildings. 


TABLE 2.—German measles at Rome State School. Cases occurring in immunized and control groups by 


day of onset following administration of immune serum globulin, lot no. 8214-2. First study. 





Days after administration 





9 10 11 12 13 14 15 16 17 18 19 20 





Immunized 
Control 


8214-2) had been prepared over four 
years previously and had been consid- 
ered outdated for three years. It had 
been utilized in this study since it repre- 
sented the only material immediately 
available for this purpose at that time. 
Following the trial of this material in 
the prevention of German measles, im- 
mune globulin from the same lot was 
utilized in an attempt to prevent mea- 
sles occurring in another State schoc!. 
The material apparently prevented the 
occurrence of measles, although in view 
of the small sample of individuals stud- 
ied, it was impossible accurately to 
estimate the degree of protection. Titra- 
tion* of the H and O typhoid aggluti- 


* These studies were performed through the 
kindness of Dr. Charles A. Janeway, Boston, 
Massachusetts. 


a ee 
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Second study 


On December 2, alternate children 
from three newly exposed wards (#33, 
#37, and. #38) of X Building were im- 
munized. This particular building housed 
on eight wards 322 female inmates, 
most of whom were children. In addi- 
tion, a ward (R24) of adult female in- 
mates, known to have been definitely 
exposed to the disease a few days prior, 
were also immunized in alternate al- 
phabetical fashion. Immune globulin 
lot no. C3768 was utilized and the dos- 
age was 0.1 ml per pound of body 
weight. Actually, in the adult ward con- 
sistirg of 36 immunized and 36 control 
persons, no subsequent cases of German 
measles occurred. Likewise, in the in- 
fants’ ward (#33), consisting of 17 im- 
munized and 16 control patients, no 
cases developed during the four weeks 
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TASLE 3.—German measles at Rome State School. Age distribution of immunized and control groups 


Immunized by ward 
Age in 


by ward. Second and third studies. 





Controls by ward 





years 


Total 
immunized 


37 38 


controls 








following immunization. Thus, the ex- 
perience on these two wards did not 
serve to allow evaluation of the protec- 
tion afforded by this procedure. How- 
ever, in the other two wards (#37 and 
#38), definite evidence of protection was 
obtained. Detailed discussion of these 
findings will be presented in conjunc- 
tion with the results of the third experi- 
ment. 


Third study 


On December 31, it became apparent 
that the infants’ ward (#33) previously 
immunized had finally been re-exposed 
to German measles, three cases having 
just developed on the ward. In addi- 
tion, two other wards (#32 and #35) had 
just been exposed in similar fashion. 
Accordingly, these three wards were 
by the same alternating 
procedure outlined above, except that 
children on Ward #32 received twice the 
standard dose of immune globulin. The 
infants on Ward #33 immunized on this 
occasion were the same individuals im- 
munized one month prior. A small por- 


immunized 


TABLE 4.—German measles at Rome State School 


tion of these children received the same 
lot of immune globulin used in the 
second study, but most of this group 
received a new lot (no. C3827). It soon 
became apparent that the new lot was 
giving very little protection. In table 3 
the details concerning the number of 
persons on each ward studied, with their 
immunization status and age group, are 
presented. It will be seen that the age 
distribution of the immunized children 
was essentially identical with that of the 
control population. 

The summarized results, in terms of 
the number of cases of German measles 
occurring in the remaining susceptible 
population during the interval three to 
26 days after the date of immunization 
with each of the two lots of immune 
globulin, is presented in table 4. Since 
both lots were used on Ward #33 during 
the course of the third study, it seems 
legitimate to utilize the attack rates 
in the control population on this ward 
as a standard against which the attack 
rate in recipients of each lot can be com- 
pared. It will be noted that with the 


. The occurrence of cases in immunized and control 


groups during the period 3 to 26 days after administration of immune serum globulin. 


Second study—globulin lot #C3768 





Third study—globulin lot #C3827 





Number 
controls 


Number 
immunized 


Cases Cc. 


Number 


‘ Number 
immunized 


controls 


Ward Cases 





32 
33 
35 


17 
11 
10 


17 
18 
il 


8 
2 
1 





38 11 46 





Percent 
attack 
rate 
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use of lot no. C3768, nine cases occurred 
among the 45 immunized children dur- 
ing the period three to 26 days after im- 
munization, an attack rate of 20.0% as 
compared to 35 cases among the 60 re- 
maining control individuals on these 
same wards, an attack rate of 55.5% 
for this same period. This difference is 
statistically very significant (P= 
0.0001). In addition, based on the cri- 


47 PERSONS IMMUNIZED 
62 PERSONS CONTROLS 


7 OAY OF IMMUNIZATION 
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immunized children, an attack rate of 
24.1% compared to 44 cases among 88 
nonimmunized controls, or an attack 
rate of 50.0%. A difference as great or 
greater than this would be observed by 
chance alone only five times in 10,000 
similar trials (P = 0.0005). 

Actually, during the course of these 
experiments, 13 children who had been 
absent on the day of immunization were 


LOT NO. C3768 








x DAY OF IMMUNIZATION O 


42 PERSONS IMMUNIZED 
48 PERSONS CONTROLS 


40 DAYS 


LOT NO. C 3827 





CASE IN TREATED GROUP 
BB case in conTror Group 


(0 cASe€ with ONSET PRIOR TO STU 


Fic. 1.—German measles at Rome State School, 1948-49. Cases in treated and control groups by 
day of onset prior and subsequent to administration of two different lots of immune serum globulin. 


teria of fever and extent and duration 
of the rash, the cases occurring among 
the immunized were in general some- 
what milder than those in the control 
group. 

On the other hand, the use of lot no. 
C3827 demonstrated a much less strik- 
ing degree of protection, and the differ- 
ence in attack rates in test and control 
groups (29.0% compared to 39.1%) 
was not statistically significant (P= 
0.3295). Perhaps it is permissible, 
nevertheless, to combine the experience 
with these two lots of immune globulin, 
thus revealing during the period three to 
26 days after giving immune globulin, 
20 cases of German measles among 83 


readmitted to the study wards. Ten of 
these later developed German measles 
during the study period. If one agrees 
that this group of readmissions may be 
considered legitimately as part of the 
control population, the calculated at- 
tack rates show a more striking contrast 
between immunized and control groups, 
and the added individuals tend to in- 
crease the statistical reliability of the 
results. 

Figure 1 presents the experience 
graphically, indicating for each lot of 
immune globulin the day of onset of 
cases of German measles occurring in 
immunized and control populations. 
During the three months following the 
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completion of the study period (three to 
26 days after immunization), only two 
additional cases of German measles oc- 
curred on the study wards. These, as 
indicated in figure 1, had onset on the 
39th and 42nd days after immunization. 
These cases occurred among control 
children on Ward #38. Thus, the dura- 
tion of effective passive immunity could 
not be properly assessed. 


DISCUSSION 


In the absence of pathognomonic 
signs or clear-cut laboratory tests for 
the diagnosis of German measles, reli- 
ance must be placed on a rather crude 
descriptive classification for diagnosis of 
the disease. The outbreak studied seems 
to meet adequately the demands of this 
classification. 

Based on the experience described, it 
seems evident that protection against 
German measles was afforded by at 
least one of the lots of immune globulin 
used, in the dosage of 0.1 ml per pound 
of body weight. Possibly larger doses 
would have completely suppressed the 
infection. On the other hand, the other 
two lots of immune globulin failed to 
show significant evidence of protection 
within the limits set by this study. The 
life histories of these particular lots 
have been examined in some detail. 
Each met the standards of potency gen- 
erally applied. Since the exact date of 
effective exposure to German measles 
is not known for any of the study popu- 
lation, and since the past history of the 
disease in this group could not be as- 
certained, further refinements in the 
analysis of the data are not possible 
with respect to the most opportune 
moment during the incubation period 
for passive immunization. 

Careful study of the data presented 
would seem to indicate that the differ- 
ence in the degree of protection shown 
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in the three studies was a reflection of 
the presence or absence of adequate 
amounts of German measles antibody 
in the immune globulin. It seems likely, 
although this would be difficult to prove, 
that the explanation for this lies in a 
variation of the amounts of such anti- 
bodies in the donor population from 
whom the y globulin was obtained. Re- 
ports have appeared on the variation in 
protective potency to other diseases 
shown by different lots of immune 
globulin. Stokes et al" apparently dem- 
onstrated variations in the prophy- 
lactic qualities of different lots against 
serum hepatitis, and Hartley" pre- 
sents certain evidence to indicate that 
there may be significant variation in 
the potency of measles antibodies. The 
same is likewise true for mumps com- 
plement-fixing antibodies.'® In view of 
the present lack of a laboratory test 
to determine the potency of German 
measles antibodies, it seems essential 
for the prophylaxis of this disease that 
either y globulin prepared from the 
blood of convalescent German measles 
patients be utilized or that larger pools 
of adult blood be used in the production 
of immune globulin, so as to insure the 
inclusion of blood from persons carrying 
such antibodies. If several immunolog- 
ically different strains of the German 
measles virus actually exist, this sug- 
gestion would be even more pertinent. 


SUMMARY 


1. Evidence has been presented dem- 
onstrating the prophylactic value of a 
particular lot of immune serum globulin 
in the prevention of German measles. 
During the period three to 26 days after 
receiving 0.1 ml per pound of body 


11. Stokes, J., Blanchard, M., Neefe, J. R., 
Gellis, S. S. and Wade, G. R. 1948, J.A.M.A. 
138: 336. 

12. Hartley, P. 1948. Lancet, 255: 41. 
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weight of this lot, only nine cases oc- 
curred among 45 immunized persons 
(20.0%), as compared to 35 cases among 
60 comparable controls (58.4%). The 
difference in attack rate is highly signif- 
icant statistically. 

2. One other lot of immune globulin 
failed to prevent the disease, while 
a third lot showed only slight protection. 
It seems likely that these conflicting 
results are a reflection of the relative 
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potency of German measles antibodies 
in different lots of immune serum globu- 
lin. For the prevention of German meas- 
les in the exposed pregnant female, it 
seems essential that a known potent 
product be utilized, possibly immune 
serum globulin made from convalescent 
German measles serum. In the absence 
of such material there still may be merit 
to using the ordinary immune serum 
globulin for such protection. 
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RESISTANCE OF RATS TO INFECTION WITH 
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The effect of protein deficiency on the 
resistance of rats to infection with re- 
lapsing fever has been reported in a 
previous publication from this labo- 
ratory.'It was demonstrated that protein 
deficiency results in a more severe de- 
gree of infection, a longer duration of 
attacks and a high fatality rate. This 
diminished resistance was found to be 
due only to a minor degree to the con- 
comitant caloric deficiency but to a 
greater extent to the protein deficiency 
per se. In order to elucidate further the 
role played by calories in specific nutri- 
tional deficiencies, thiamine deficiency 
was chosen. This paper presents results 
obtained by the infection with relapsing 
fever spirochetes of normal rats and of 
rats with various degrees of thiamine 
deficiency. 

METHODS 

The rats used were males which had been 
weaned one week. 

The standard diet fed had the following com- 
position: rice starch, 73; vitamin free casein, 18; 
olive oil, 5; and salt mixture, 4. One-tenth mg 
thiamine hydrochloride, 0.2 mg riboflavin, 5.0 
mg nicotinic acid, 0.1 mg pyridoxine, 1.6 mg 
calcium pantothenate, 0.25 mg pteroylglutamic 
acid, and 100 mg choline chloride were incorpo- 
rated per 100 g diet. In the thiamine-deficient 
diet thiamine whereas in the 
thiamine subdeficient diet its amount was re- 
duced to 0.02 mg per 100 g ration. Each rat re- 
ceived 100 I.U. vitamin A and 4 I.U. vitamin D 
twice weekly. 


was omitted, 


After two weeks on these diets the rats were in- 
fected intraperitoneally with Borrelia persica. 
The method of infection, the daily examination 
of the blood and the estimation of the degree of 
infection were the same as in our previous study. 
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RESULTS 

Experiment 1.—Ninety-two rats were 
divided into three groups: group A, com- 
prising 24 rats, received the standard 
diet ad libitum; group B, 34 rats, was 
fed the thiamine-deficient diet ad lib- 
itum; and group C, 34 rats, was given 
the standard diet, restricted in amount 
to the level of intake of the thiamine- 
deficient diet by group B. After two 
weeks on these diets 24 rats of each 
group were infected. The rats were ob- 
served only 12 days after infection (26 
days on diet), because two-thirds of the 
infected rats of group B died in this 
period. 

The food consumption and weight 
changes of these three groups are shown 
in table 1. As can be seen from the table, 
food consumption and weight increase 
in group A were normal, whereas the 
thiamine-deficient group B consumed 
markedly less food than the normal, 
control group. Accordingly, the growth 
performance of group B was very poor. 
Group C, pair-fed with group B but 
given the standard diet, showed a much 
smaller weight increase than group A. 

As in our previous study no spiro- 
chetes were found in the blood of any 
rat during the first two days after in- 
fection. The incubation period ranged 
from two to five days, the mean periods 
being 3.6 days for group A, and 3.2 days 
for groups B and C. This difference was 
found to be statistically insignificant 
(table 2). 

The periods during which spirochetes 
were present in the circulating blood 
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TABLE 1.—Food consumption and weight changes of rats fed different diets. 


Daily food consumption in g 


Body weight in g 





Type of diet 


2 weeks 
before 
infection 





During 


At beginning 
infection 


At day 
of experiment 


of infection 





Group A: 
Standard (ad libitum) 9.5 


Group B: 
Thiamine deficient 
(ad libitum) 


Group C: 
Standard (pair-fed) 


11.5 39 82 


2.0 41 $2 





Group A: 
Standard (ad libitum) 
Group B: 


Thiamine subdeficient 
(ad libitum) 


Group C: 
Standard (pair-fed) 





varied between one and seven days with 
an average of 1.8 days in group A, 3.6 
days in group B, and 2.8 days in group 
C. The mean differences observed be- 
tween groups A and B and those be- 
tween A and C proved to be highly sig- 
nificant statistically. 

Considerable differences were ob- 
served in the relative degree of infec- 
tion, as can be seen from table 3. The 
mean degree of infection was found to 
be more severe in group B than in group 
A. It appears that the diminished re- 
sistance of the thiamine-deficient group 
was due only partially to a specific thia- 
mine deficiency but to a greater extent 
to the reduced food intake. This was 
indicated by the results obtained with 


group C, which was given the standard 
diet (as group A) but in restricted 
amounts (as was eaten by group B). 
The response of this group was more 
like that of group B than group A. The 
probability that the mean difference 
between B and C was due to chance was 
found to be 1/100, whereas that be- 
tween A and B, and between A and C 
even less than 1/1000. 

The infection with B. persica, though 
not fatal in rats fed the standard diet, 
resulted in a high mortality rate among 
the thiamine-deficient rats. Table 4 
shows that 16 out of 24 infected rats 
kept on the thiamine-deficient diet died 
in the course of the experiment, whereas 
in the uninfected, control group of ten 


TABLE 2.—Incubation time and duration of attacks in rats infected with B. persica 
and fed different diets. 





Incubation time in days 


Dietetic 





Duration of attacks in days 





group Standard 


deviation 


Standard 


Standard 


nda Standard 
deviation 


error 


error Mean 





1.55 
0.66 
0.45 


One 


0.32 
0.13 
0.10 


0.77 
2.05 
1.93 


12 
32 
31 





vy 
* 

i} 
‘ole)--] 


3 
2 
0 


-O1 
-O1 
1 





OnP> | BP> 


-14 
-18 
14 


14 
18 
13 





P*=A/B 
A/C 
B/C 


ono} coo| ooso/ ooo 





* Probability that the mean differences observed are due to chance. 
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TABLE 3.—Degree of infection with B. persica in rats fed different diets. 





Experiment 1 


Day of 
infection 


A 


0. 





SOR HK SomsO Mew 
—NNN NNN we 
oe 
NO COwNeR OD 


w 


Means and standard deviations 





Experiment 2 





OR CORK SOK COR SoSoKKne 





Mean 0.7 (1.31) 
Standard error 0.08 


-0 (2.16) 
0.14 


1.5 (1.76) 
0.13 


bd ecco cosceoeoooornns 
~|UBOw BesNAnNwoRrauNcoe 


Pee Bt ete eee 





4 0.001 
0.001 


0.01 


A/B 
A/C 
B/C 





rats, only two died. In the pair-fed 
infected group, nine out of 24 rats died 
as compared with four out of ten rats in 
the noninfected pair-fed group. These 
figures and their statistical analysis 
demonstrate also the relative similarity 
of response of groups B and C as con- 
trasted to the highly significant differ- 
ences in mortality between group A (in- 


TABLE 4.—Mortality of noninfected rats and of 
rats infected with B. persica fed different diets. 


Average 
number 
of days 
before 
death 
of rats 
that 


Number 
Num- of rats 
Exp. Dietetic In- ber that 
no group fected of died 
rats during 
experiment 





2 (20% 
9 (36%) 
40% 





Ltitt] 1+14++) 


Dietetic groups compared 


Exp. 1 





P value 
0.001 
0.001 


A infected /B infected 

A infected/C infected 

B infected /B not infected 

B infected/C infected 

B not infected /C not infected 
C infected /C not infected 





ono co 
| —Oom 


| 





fected) and groups B and C (infected). 
It may be concluded, therefore, that the 
diminished resistance of the deficient 
rats to spirochetal infection is due par- 
tially to an inanition effect. To elucidate 
this point further experiment 2 was per- 
formed. 

Experiment 2.—In this experiment 
group B received a_ thiamine-subdefi- 
cient diet, i.e., a diet which contained 
thiamine but in restricted amount—20% 
of the quantity supplied with the stand- 
ard diet. A further difference between 
the two experiments lay in the observa- 
tion period during the infection; the low 
mortality of the deficient group of ex- 
periment 2 allowed its extension to three 
weeks. In all other respects the set-up 
of this experiment was identical with 
that of experiment 1. The results ob- 
tained are also given in tables 1 through 
4. 

The food consumption of the thia- 
mine-subdeficient group B was consider- 
ably higher than that of the rats de- 
prived entirely of this vitamin during 
the two weeks preceding infection, and 
even higher during the infection period. 
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As a result growth was not so depressed 
as in the comparable thiamine-deficient 
group of the first experiment. The re- 
sponse to infection with spirochetes was 
found to be similar in all of the three 
groups. No statistically significant dif- 
ference could be revealed in incubation 
time, duration of attacks, mean degree 
of infection, or mortality. In spite of 
the markedly diminished food intake 
and the resultant depression of growth 
induced by this mild form of thiamine 
deficiency, the resistance of the organ- 
ism to infection with spirochetes was 
found to be unimpaired. The restriction 
of food intake, however, was not severe 
enough to increase the susceptibility to 
infection. Thus, the results of this ex- 
periment also support the view that the 
lowered resistance to spirochetal infec- 
tion in thiamine deficiency is to a great 
extent the result of the reduced food 
intake and the concomitant caloric defi- 
ciency. 
DISCUSSION 

Our experiments show that thiamine 
deficiency in rats leads to a lowered re- 
sistance to infection with spirochetes of 
relapsing fever. Two factors play a role 
in this situation: the lack of the specific 
nutrient, thiamine, and the concomi- 
tant restriction of caloric intake. With 
a mild degree of thiamine deficiency, 
which is accompanied by a 30% reduc- 
tion of food intake during the two weeks 
before infection, no impairment of re- 
sistance to infection could be found. 
Moreover, the deficiency of thiamine 
was not severe enough to decrease the 
resistance. When food lacks thiamine 
completely and the animals consume 
voluntarily 50% less food than normal 
controls, a point is reached where the 
adaptation to the diminished food in- 
take fails, and the susceptibility in- 
creases. In this severe degree of thia- 
mine deficiency the lack of the specific 
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nutrient plays an additional role. The 
thiamine-deficient rats showed a more 
severe degree of infection and much 
higher mortality rate than the pair-fed 
controls. These differences were found 
to be statistically significant. 

In our previous study on protein de- 
ficiency! we demonstrated that the di- 
minished resistance of protein-deficient 
rats was mainly the result of the specific 
lack of protein and only to a minor de- 


TABLE 5.—Food intake and weight changes of rats 
maintained on diets deficient in protein or in 
thiamine. 

Weight 
changes 


Daily food 
consumption in g 
During 
the first 
two weeks weeks 
experiment of ex- 
a b periment 


as rede 
During percent yy bey 
infec- of a 

tion 


Standard 
(ad libitum) 


Protein 
deficient 
Pair-fed 


Thamine 
deficient 4.9 
Pair-fed 


+ 9 
+26 


gree the effect of the concomitant ca- 
loric deficiency. This result can be ex- 
plained by the specific pattern of food 
intake and the resultant growth in 
these two forms of nutritional deficiency 
Details are shown in table 5. Normal 
young rats ate about 9.5 g food per day 
in the preinfection period, and their 
weight increased in this time by 43 g. 
The food intake rose an additional 21% 
during the infection period. Comparable 
protein deficient rats and also their 
pair-fed controls ate only 3.9 g per day 
before the infection. With this food 
intake their weight decreased consider- 
ably even before infection, whereas 
that of the pair-fed controls remained 
more or less constant. Thiamine-defi- 
cient rats and their pair-fed controls 


1. Guggenheim, K., Buechler-Czaczkes, E. and 
Halevi, S. 1951, J. Infect. Dis. 88: 105-108. 
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consumed more food during the same 
period—4.9 g per day. This intake re- 
sulted in a marked weight increase, 9 
and 26 g, respectively. The further de- 
velopment of the deficiency showed a 
characteristic trait: in the protein defi- 
cient rats a slow decrease of voluntary 
food intake, and in the thiamine defi- 
cient group a sudden and severe one. 
The gradually restricted supply did not 
greatly harm the pair-fed rats of the 
protein-deficient group. None of the 
noninfected rats died during the ex- 
periment and their resistance to infec- 
tion was not greatly impaired. On the 
contrary, the pair-fed rats of the thia- 
mine-deficient group, which had gained 
26 g in the first two weeks, were forced 
to cut down their food intake drastically 
(by 59%). This sudden reduction led to 
a high mortality rate of about 40% of 
both the infected and uninfected groups, 
and induced a breakdown of the resist- 
ance to infection. A similar deleterious 
effect on the resistance to infection 
brought about by sudden restriction of 


the caloric supply has been demon- 
strated by one of us?* studying the effect 
of nutritional deficiency on the course 
of salmonella infection in rats. 

An outstanding result of various ani- 
mal experiments is the demonstration 


that undernutrition has different ef- 
fects with different agents and different 
animal species. Decreased resistance or 
increased susceptibility has often been 
reported and claimed in undernourished 
or malnourished animals. Inanition has 
been reported to decrease resistance 
(chicks, Plasmodium lophurae),* to be 
without effect (rats, pneumococci),® and 
2. Guggenheim, K. and Buechler, E. 
Immunol. 54: 349-356. 
. Guggenheim, K. and Buechler, E. 1947, J. 
Hyg. 45: 103-109. 
. Seeler, A. O. and Ott, W. H. 1944, J. Infect. 
Dis. 75: 175-178. 
. Robinson, H. J. and Siegel, H. 1944, J. Infect. 
Dis. 75: 127-133. 


1946, J. 
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to increase resistance (mice, poliomye- 
litis) .® 

As to the effect of thiamine, Badger 
et al’ observed a diminished resistance 
to rat leprosy in thiamine deficiency. 
A high susceptibility to experimental 
pneumococcal infection was shown by 
Wooley and Sebrell® in mice and by 
Robinson and Siegel’ in rats. The di- 
minished resistance of mice was found to 
be due to specific avitaminosis, the 
concomitant inanition having no appar- 
ent influence. Thiamine deficiency low- 
ers the resistance of rats to infection 
with Nippostrongylus muris® but does 
not influence in any recognizable man- 
ner the susceptibility to an intravenous 
injection of avian tubercle bacilli.!° Rats 
and mice kept on a thiamine-deficient 
diet showed diminished resistance to an 
infection with Salmonella typhimu- 
rium." In rats the heightened suscepti- 
bility is secondary to inanition, whereas 
in mice it is a primary result of the 
thiamine deficiency. The claim of Seeler 
and Ott" that thiamine deficiency de- 
creases the resistance of chicks to an in- 
fection with Plasmodium lophurae was 
based on small differences. Roos et al," 
working with chicks and ducks, found 
no decrease in resistance. On the other 
hand, thiamine-deficient mice exhibit 
an increased resistance to infection 
with Theiler virus, poliomyelitis virus 
and the virus of western equine en- 


6. Foster, C., Jones, J. H., Henle, W. and Dorf- 
man, F, 1944, J. Exper. Med. 79: 221-234. 
7. Badger, L. F., Masunaga, E. and Wolf, D. 
1940, Pub. Health Rep. 56: 1027-1041. 
. Wooley, J. G. and Sebrell, W. 1942, Pub. 
Health Rep. 57: 149-161. 
. Watt, J. Y.C. 1944, Am. J. Hyg. 39: 145-151. 
. Higgins, G. M. and Feldman, W. H. 1943, 
Am. Rev. Tuberc. 47: 518-523. 
. Guggenheim, K. and Buechler, E. 1946, Proc. 
Soc. Exper. Biol. & Med. 61: 413-416. 
- Seeler, A. O. and Ott, W. H. 1946, J. Nat. 
Malar. Soc. 5: 123-126. 
- Roos, A., Hegsted, D. M. and Stare, F. J. 
1946, J. Nutrition, 32: 473-484. 
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cephalitis.*4—'*§ However, Clark et al'® 
showed in studies with Macaca mulatta 
that this species, when deficient in thia- 
mine, does not exhibit increased resist- 
ance to poliomyelitis virus. 


14. Foster, C., Jones, J. H., Henle, W. and Dorf- 
man, F. 1942, Proc. Soc. Exp. Biol. & Med. 
51: 215-216. 

. Foster, C., Jones, J. H., Henle, W. and Dorf- 
man, F, 1944, J. Exper. Med. 80: 257-264. 

. Rasmussen, A. F., Waisman, H.A., Elvehjem, 
C. A. and Clark, P. F. 1944, J. Infect. Dis. 74: 
41-47. 

. Rasmussen, A. F., Waisman, H. A. and Lich- 
stein, H. C. 1944, Proc. Soc. Exper. Biol. & 
Med. 57: 92-95. 

. Kearney, E. B., Pond, W. L., Plass, B. A., 
Madden, K. H., Elvehjem, C. A. and Clark, 
P. F. 1948, J. Infect. Dis. 82: 177-186. 

. Clark, P. F., Waisman, H. A., Lichstein, 
H. C. and Jones, E. S. 1945, Proc. Soc. Exper. 
Biol. & Med. 58: 42-45. 


SUMMARY 


1. Young rats maintained during 
two weeks on a thiamine-deficient diet 
were inoculated intraperitoneally with 
Borrelia persica. They displayed a more 
severe degree of infection, a longer dura- 
tion of attacks and a higher fatality 
rate than control rats given a full diet 
ad libitum. 

2. The diminished resistance of thia- 
mine-deficient rats was Only to a minor 
degree the result of the thiamine defi- 
ciency per se but to a larger extent the 
effect of the concomitant caloric defi- 
ciency. 


3. Rats fed a thiamine-subdeficient 
diet did not show any impairment in 
their resistance to an infection with re- 
lapsing fever spirochetes. 














ANTIMETABOLIC ACTION OF SULFADIAZINE AND 
CERTAIN ANTIBIOTICS FOR BRUCELLA 


NORMAN B. MCCULLOUGH* AND GRACE A. BEAL* 


Among the agents currently em- 
ployed in the treatment of brucellosis 
are sulfadiazine, streptomycin or dihy- 
drostreptomycin, aureomycin, chloro- 
mycetin, and, most recently, terramy- 
cin. The in vitro effectiveness of these 
compounds in inhibiting the growth of 
brucella has been established (Wise, 
1942; Worley et al, 1944; Smith et al, 
1948; Yow and Spink, 1949; McLean 
et al, 1949; Herrell et al, 1950). The ef- 
fect of combinations of certain of these 
drugs has been cited both in the treat- 
ment of human brucellosis and in experi- 
mental brucellosis of laboratory ani- 
mals. Synergistic activity of a combina- 
tion of streptomycin and sulfadiazine 
has been reported by Pulaski and Ams- 
pacher (1947), Eisele and McCullough 
(1947), and Spink et al (1948) in the 
treatment of human brucellosis, and by 
Shaffer and Spink (1948) and Carle and 
Larson (1950) in experimental brucello- 
sis of laboratory animals. The value of a 
combination of dihydrostreptomycin 
and aureomycin has been reported by 
Herrell and Barber (1949 and 1950) 
in the treatment of human brucellosis, 
and by Magoffin et al (1949), Heilman 
(1949), Carle and Larson (1950), and 
Werner and Knight (1950) in experi- 
mentally infected laboratory animals. 
Eisele and McCullough (1949, 1950a 
and b) have used a combination of di- 
hydrostreptomycin, aureomycin, and 
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sulfadiazine successfully in the treat- 
ment of human brucellosis. 

The present study is concerned pri- 
marily with the effect of aureomycin, 
streptomycin and dihydrostreptomycin, 
and sulfadiazine on oxygen uptake of 
washed cell suspensions of brucella. 
Limited observations have been made 
on the influence of chloromycetin and 
terramycin on the respiration of bru- 
cella. 


MATERIALS AND METHODS 


Bacterial cultures—The strains of Brucella 
melitensis, Brucella suis, and Brucella abortus had 
been recently isolated in the authors’ laboratory 
from human cases of brucellosis. The character- 
istics of all strains (carbon dioxide requirement, 
hydrogen sulfide production, growth on dye 
mediums, and serological reactions) were typical 
of the respective species; all produced S type 
colonies and were pathogenic for guinea pigs. 

Drugs.—The following compounds were used: 
streptomycin hydrochloride (Merck, lot no. 535); 
dihydrostreptomycin sulfate (Heyden, lot no. 
HS 207); chloromycetin (Parke, Davis and Com- 
pany, RX2969H); aureomycin hydrochloride 
(Lederle); terramycin hydrochloride (Chas. 
Pfizer and Company, lot no. WLP 507022); 
sodium sulfadiazine (Lederle). 

Manometric technique——The brucella cultures 
were grown for 24 to 36 hours on beef liver in- 
fusion agar at 37 C. The cells were harvested in 30 
ml volumes of sterile 0.05 M phosphate buffer, 
pH 6.8, filtered, and washed three times by 
centrifuging and resuspending in fresh buffer 
solution. The cell suspensions were diluted to a 
standard turbidity (Klett-Summerson photo- 
electric colorimeter) which approximated 20 to 30 
billion viable cells per ml, and stored in the re- 
frigerator at 4 to 6 C prior to use. 

Oxygen uptake was determined at 37 C in a 
normal atmosphere by the conventional Warburg 
technique (Umbreit et ai, 1949) using 15 ml 
flasks with a single side arm. The final fluid 
volume in all flasks was 2.0 ml, consisting of 1 ml 
of cell suspension, 0.5 ml of 0.05M phosphate 
buffer, pH 6.8, and 0.5 ml total volume of other 
reagents (carbohydrate and/or drugs). The cen- 
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ter well received 0.2 ml of 20% potassium hy- 
droxide. The carbohydrates previously sterilized 
by sintered glass filtration were used in a final 
concentration of 0.5%. Solutions of the anti- 
biotics and sulfadiazine were freshly prepared in 
sterile redistilled water for each experiment. 
After placing the manometers in the water bath, 
a minimal 20 minute equilibration period was 
allowed before beginning measurement of oxygen 
uptake. Measurements were then made over a 15 
to 30 minute period to assure an approximately 
equal respiratory status in the duplicate flasks 
before addition of the critical components of the 


Br. abortus 
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and Br. suis. Results typical of those 
obtained in several experiments are 
summarized in table 1. The data, com- 
bined for convenience, represent read- 
ings obtained in three runs using three 
separate cell suspensions. Values listed 
for each species represent concurrent de- 
terminations using equal volumes of the 
same homogeneous cell suspensions. 
The cell suspensions were allowed to re- 
spire at 37 C for 60 minutes before the 


TABLE 1.—The effect of aureomycin on oxygen uptake of brucella. 


Br. melitensis Br. suis 





Systems Microliters 
O; uptake 


Percent 
decrease 





Microliters Percent 
O; uptake decrease 


Microliters 
O; uptake 


Percent 
decrease 





. Endogeneous respiration 38 

. Endogenous +500 yg aureomycin 23 
(initially present) 

. Glucose control 150 

. Glucose +500 yg aureomycin 44 
(simultaneously added) 

. Glucose +500 ug aureomycin 38 
(initially present) 


. Glucose +200 ug aureomycin 90 0 


(initially present) 


Materials added from side arm: #1, #2 (water); #3 (glucose); #4 (glucose and aureomycin); #5, #6 (glucose). The period 


47 39 
21 55.3 23 


176 496 
45 74. 
27 84. 86.7 


76. 271 45.4 


of observation for Br. abortus was 4.S hr., for Br. melitensis § hr., for Br. swis 5.5 hr. 


various systems. The rate of shaking was ad- 
justed to 120 oscillations per minute. At the con- 
clusion of each test run, brom thymol blue in, 
dicator was added to the flasks to assure that the 
systems were adequately buffered and that the 
potassium hydroxide had not spilled over during 
the run. 

The manometric measurements recorded for 
each experiment, unless otherwise stated, were 
those actually determined for the various sys- 
tems under study without subtraction of the 
endogenous respiration values which are listed 
separately. Calculations of percent change in 
oxygen consumption were likewise made by 
direct comparison of the reading obtained in the 
presence of a particular drug with the uptake 
measured in the corresponding drug-free control 
without subtracting the endogenous respiration 
values from either. 


EXPERIMENTAL RESULTS 
The effect of aureomycin on oyxgen up- 
take of Br. abortus, Br. melitensis and 
Br. suis.—The effect of aureomycin on 
endogenous respiration and on oxygen 
uptake with glucose substrate was de- 
termined for Br. abortus, Br. melitensis, 


side arm contents were added. In the 
experiments where aureomycin and 
glucose were added simultaneously, 
these substances were both placed in 
the side arm and added at the end of the 
endogenous control respiration period. 
Where aureomycin is designated as 
initially present, it was added to the 
main compartment of the Warburg 
vessels at the time the cells were added. 
In the concentrations used (200 to 500 
ug per Warburg flask), aureomycin in- 
terfered with oxygen uptake for all 
three species of brucella in both the ab- 
sence and presence of glucose. In addi- 
tion to the test series listed in table 1, 
experiments were performed which dem- 
onstrated that the addition of aureo- 
mycin to a system in which glucose 
oxidation was actively proceeding pro- 
duced a prompt and continuous de- 
crease in rate of oxygen uptake with all 
three species. 

The effect of aureomycin on oxygen up- 
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TABLE 2.—Effect of aureomycin, chloromycetin, 
streptomycin, and sulfadiazine on oxygen uptake of 
Br. melitensis in the presence of glucose over a 

five-hour period. 


Micro- 
liters 
O: up- 


Percent 


Systems iffer- 


. Endogenous respiration 
. Glucose control 
. Glucose +200 yg aureomycin 
. Glucose +100 yg aureomycin 

5. Glucose +400 ug chloromycetin 
. Glucose +200 wg chloromycetin 
. Glucose-+ 1000 yg streptomycin 
. Glucose +10 mg sulfadiazine 


Conditions: The drugs were added from the side arm 30 
minutes after measurement of oxygen uptake of cells with 
glucose substrate had assured equal rates for all flasks. The 
sum uptake recorded does not include this preliminary 
measurement. 

* Calculated from glucose control oxygen uptake 


take of Br. melitensis with pyruvate sub- 
strate——For a four-hour period of ob- 
servation, the oxygen uptake of cells in 
the presence of 0.5% sodium pyruvate 
was 274 ul. The uptake of cells to which 
pyruvate and aureomycin (400 ug) were 
added simultaneously was 98 ul, an 
inhibition of 64.2%. Endogenous res- 
piration for the period was 84 yl. 

The effect of aureomycin on oxygen up- 
take of Br. suis with D-trehalose, D- 
fructose, and D-xylose substrates —Au- 
reomycin (400 wg) and the individual 
carbohydrates were added simultane- 
ously from the side arm; control flasks 
contained the concentration of 
carbohydrates and the appropriate vol- 
ume of water instead of aureomycin. 
After addition of the antibiotic and car- 
bohydrate substrate, readings were con- 
tinued for two hours. The microliters 
of oxygen consumed and percent de- 
crease in the presence of aureomycin 
were: D-fructose, 135 (53.9); D-xylose, 
119(32.9); D-trehalose, 71 (52.0). Endog- 
enous respiration for the period was 19 
ul. 

Comparison of the effect of aureomycin 
on oxygen uptake of an aerobic and of a 
carbon dioxide-sensitive strain of Br. 
abortus with glucose substrate-—The 
aerobic strain was grown in a normal 
atmosphere and the carbon dioxide-sen- 


same 
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sitive parent strain in the presence of 
10% added carbon dioxide. In all other 
respects the cells were treated similarly. 
Glucose and aureomycin (200 ug) were 
added simultaneously to the cell sus- 
pensions and manometric readings were 
made over a five-hour period. The re- 
duction in oxygen uptake in the presence 
of aureomycin for the aerobic and car- 
bon dioxide-sensitive strains was the 
same, being 44.3 and 44.0%, respec- 
tively. 

Continued effect of aureomycin on Br. 
melitensis cells after incubation and 
washing.—A homogeneous cell suspen- 
sion was divided into two equal volumes. 
To one portion was added aureomycin 
in a final concentration of 200 ug/ml. 
The other sample received an equivalent 
volume of distilled water. The cell sus- 
pensions were incubated at 37 C for 30 
minutes, washed three times with 
water, and resuspended and adjusted 
to the original density in buffer. Over a 
three-hour period of observation, the 
oxygen uptake with glucose substrate 
‘of cells incubated in the presence of 
aureomycin was 82 wl, as compared 
with the control uptake of 203 ul, an 
inhibition of 59.6%. 
piration was 62 ul. 

The effect of growth factors on aureo- 
mycin inhibition of respiration of Br. 
melitensis.—Established growth factors 
for brucella (thiamin, nicotinic acid, 
and biotin), in concentrations 100 times 
those advocated for growth in a syn- 
thetic medium, were not effective in 
modifying aureomycin (100 ug/ml) in- 
hibition of oxygen uptake of cells in 
the presence or absence of glucose. 
(Oxygen consumption was measured 
over a period of four hours.) This con- 
centration of growth: factors likewise 
had no apparent influence on endoge- 
nous respiration or oxygen uptake with 
glucose substrate in aureomycin-free 
systems. ; 


Endogenous res- 
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The effect of chloromycetin, streptomy- 
cin, and sulfadiazine on oxygen uptake of 
Br, melitensis with glucose substrate-— 
Aureomycin was included for compari- 
son and its effect was again demon- 
strated, both in the concentration pre- 
viously shown to be inhibitory and in a 
concentration one half this strength 
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ously with glucose) was 39.6% of that 
of the control. Other tests were con- 
ducted in which the terramycin was 
added after cells had been in contact 
with glucose for 30 minutes before the 
terramycin was introduced; the addi- 
tion of terramycin resulted in a decrease 
in rate of oxygen uptake. 


TABLE 3.—The combined effect of aureomycin and dihydrostreptomycin on oxygen uptake of 
B. melitensis with glucose substrate. 





Systems 


Microliters 
O: uptake 


Percent 
decrease 





A. Period of observation: 3 hours 

. Endogenous respiration 

. Glucose control 

. Glucose + 1000 ug dihydrostreptomycin 
. Glucose +100 wg aureomycin 


Glucose +100 ug aureomycin +1000 ug dihydrostreptomycin 


62 
203 
201 

72 





we) 


eriod of observation: 4 hours 

. Endogenous respiration 

Glucose control 

Glucose +50 wg aureomycin 

Glucose +20 wg aureomycin 

. Glucose +1000 yg dihydrostreptomycin 


| 
| 
| 
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. Glucose +20 wg aureomycin +1000 yg dihydrostreptomycin 





C. Period of observation: 5 hours 
. Endogenous respiration 

. Glucose control 

. Glucose +20 wg aureomycin 


aUekone 


. Glucose +10 wg aureomycin 


. Glucose +20 wg aureomycin +1000 yg dihydrostreptomycin 


. Glucose +10 wg aureomycin +1000 yg dihydrostreptomycin 





Conditions: drugs present initially, glucose added to systems after 30 minutes at 37 C. 


(100 ug/flask). The results are presented 
in table 2. Greatest decrease in oxygen 
uptake occurred with aureomycin. Chlo- 
romycetin, in a concentration of 200 to 
400 ug per flask, produced a significant 
reduction in oxygen uptake, but this 
was not as great as that caused by equal 
and lesser amounts of aureomycin. The 
total microliters of oxygen consumed 
in the presence of 1000 ug of strepto- 
mycin was in slight excess of that of the 
control. However, interval readings re- 
vealed that the rate of oxygen uptake 
during the final hour was 6% less than 
that for the control. No inhibition was 
demonstrated with sulfadiazine, either 
in interval or sum readings. 

The effect of terramycin on oxygen 
uptake of Br. melitensis with glucose 
substrate-—Over a four-hour period, the 
oxygen uptake of cells in the presence 
of terramycin (400 ug added simultane- 


The combined effect of aureomycin and 
dthydrostreptomycin on oxygen uptake of 
Br. melitensis with glucose substrate.-— 
Table 3 summarizes the results of typ- 
ical experiments illustrating the com- 
bined effect of aureomycin and dihydro- 
streptomycin on oxygen uptake of Br. 
melitensis with glucose substrate. Data 
listed in section A, table 3, again show, 
as was demonstrated earlier, definite 
reduction of oxygen uptake in the pres- 
ence of 100 wg aureomycin, and none 
during the time observed for 1000 yg 
dihydrostreptomycin. When the two 
were combined in the same concentra- 
tions as used singly, there was no evi- 
dence of inhibition other than that 


caused by aureomycin alone. By de- 
creasing the amount of aureomycin to 
20 wg and leaving the dihydrostrepto- 
mycin in a concentration of 1000 ug per 
flask, there was demonstrated a definite 
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synergistic effect (section B, table 3). 
When added singly, the total percent 
reduction in oxygen uptake was 35.0 
(3.4% by dihydrostreptomycin and 
31.6% by aureomycin). When com- 
bined in the same concentration as used 
singly, the percent decrease in oxygen 
uptake was 60.3. These points have 
been graphically illustrated in figure 1. 
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drug singly. Usually, the amount of 
oxygen consumed in the presence of 
sulfadiazine was slightly greater than 
that of the control. Unlike streptomycin 
and dihydrostreptomycin, this apparent 
stimulation in oxygen uptake by sulfa- 
diazine was continuous. In cases where 
readings were made at intervals over 
several hours, there was no indication 


CONTROL 
DIHYDROSTREPTOMYCIN 
(1000 49) 


AUREOMYCIN@OA) 


AUREOMYC!I N(S0KA9) 
AUREOMYC I N@OAQ) PLUS 


DIHYDROSTREPTOMYC IN 
(000M 9) 


4 





20 


TIME 


60 100 140 180 


IN MINUTES 


Fic. 1.—The combined effect of dihydrostreptomycin and aureomycin on oxygen uptake of Br. 
melitensis with glucose substrate (endogenous values subtracted). 


In section C, table 3, the concentration 
of aureomycin was reduced to 10 ug and 
produced measurable inhibition; when 
the same concentration of aureomycin 
was combined with 1000 ug of dihydro- 
streptomycin, there was a 39.9% further 
reduction in oxygen uptake. 

The effect of sulfadiazine singly and in 
combination with aureomycin 
dthydrostreptomycin.—A_ series of ex- 
periments were performed in an attempt 
to demonstrate that sulfadiazine af- 
fected respiration of nonproliferating 
cells of Br. melitensis. The concentra- 
tion range employed varied from 10 to 
500 mg%. The results of certain of these 
studies are listed in table 4. In no in- 
stance was there noted any reduction in 
oxygen uptake in the presence of this 


and/or 


of eventual reduction in rate of oxygen 
uptake in the presence of this drug. Fur- 
thermore, the addition of sulfadiazine 
to inhibitory concentrations of aureo- 
mycin (10 to 20 ug) lessened the effect 
of the latter compound. The effective- 
ness of combinations of dihydrostrepto- 
mycin and aureomycin in reducing 
oxygen uptake was also lessened when 
sulfadiazine was present. 

Although inhibitory action by sulfa- 
diazine for brucella was not demon- 
strated manometrically using washed 
cell suspensions, the inhibition of oxygen 
uptake of growing cultures of Br. me- 
litensis by sulfonamide compounds has 
been reported (IXempner et al, 1940). In 
studies conducted in this laboratory 
(McCullough and Beal, 1948), the in- 
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hibition of growth of brucella by sulfa- 
diazine, as reported by other workers, 
was observed, and, in addition, evi- 


dence was obtained which indicated a . 


synergistic effect on growth inhibition 
when sulfadiazine was combined with 
streptomycin. A strain of Br. abortus 
was inoculated into flasks of trypticase 
soy broth containing the two drugs 
singly and in various combinations. 
Plate counts were made immediately 
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turbidity did not develop from the 
initial inoculum of 5000 cells/ml. Plate 
counts revealed an increase in numbers 
of cells (the equivalent of seven cell 
divisions) through the 48th hour of incu- 
bation, followed by a gradual decline. 
Viable organisms were recovered up to 
and including the tenth but not on sub- 
sequent days. Flasks containing 2 ug/ml 
of streptomycin did not develop turbid- 
ity until the 96th hour of incubation. 


which established that an approxi- Plate counts revealed an initial increase 


TABLE 4.—Effect of sulfadiazine, singly and in combination with aureomycin and/or 
dihydrostreptomycin, on oxygen — ad B. melitensis in the presence of glucose. 








Microliters 
Os; uptake 


Percent 


Systems difference 





. Period of observation: 2.5 hours 

1. Endogenous respiration 37 
. Glucose control 133 
. Glucose +1 mg sulfadiazine 146 
. Glucose +1 mg sulfadiazine + 1000 ug dihydrostreptomycin 132 
. Glucose +1 mg sulfadiazine +100 wg aureomycin 30 
. Glucose + 100 ug aureomycin 33 
. Glucose +100 yg aureomycin +1000 ug dihydrostreptomycin 30 

. Glucose +1 mg sulfadiazine +100 ug aureomycin +1000 ug 
dihydrostreptomycin 29 





q He of observation: $ hours 
. Endogenous respiration 
. Glucose control $69 
. Glucose +20 ug aureomycin 357 
. Glucose +1 mg sulfadiazine +20 ug aureomycin 
Glucose +20 wg aureomycin +1000 wg dihydrostreptomycin 
. Glucose +1 mg sulfadiazine +20 yg aureomycin + 1000 ug 
dihydrostreptomycin 











>. Period of observation: 4.5 hours 
» Endegunese respiration 
Glucose control 
Glucose +0.2 mg sulfadiazine 
Glucose + 10 wg aureomycin 
. Glucose +0.2 mg sulfadiazine + 10 ug aureomycin 
. Glucose +10 wg aureomycin +1000 yg dihydrostreptomycin 
. Glucose +0.2 mg sulfadiazine +10 ug aureomycin +1000 yg 


dihydrostreptomycin 





Conditions: drugs present initially, gueme added from vessel side arm after 30 minutes at 37 c. 


mately equal number of viable cells was 
initially present in each flask. The flasks 
were then incubated at 37 C in the pres- 
ence of 10% added carbon dioxide. Vi- 
able cell counts were made of aliquots 
from each flask at the 12th and 24th 
hour of incubation and at periodic in- 
tervals thereafter over a 14-day period. 
Dilutions for plate counts were made in 
saline containing p-aminobenzoic aci4 
(1 mg%) and plated to the surface ot 
trypticase soy agar, modified by the 
addition of p-aminobenzoic acid. Sulfa- 
diazine in a final concentration of 10 
mg% was inhibitory to the extent that 


in cell numbers during the first 12 hours 
(the equivalent of three cell divisions), 
then a gradual decline in cell count, 
which at the 48th hour was less than 
that originally inoculated. During the 
ensuing 24 hours there was a rapid in- 
crease in cells, continuing until a num- 
ber equal to that in the control flasks 
was attained. The combination of 2 
ug/ml of streptomycin with 10 mg% 
sulfadiazine did not allow sufficient 
growth for turbidity to develop. Plate 
counts revealed a slight increase during 
the first 24 hours of incubation (the 
equivalent of two cell divisions), fol- 
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lowed by a sharp drop to a number 
1/50th of that initially present by the 
48th hour; by the 72nd hour, the solu- 
tion was completely sterilized. Flasks 
containing 1 ug/ml of streptomycin re- 
mained clear until the 48th hour, but 
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growth equal to that of the control 
throughout each interval. When com- 
bined with sulfadiazine there was an 
increase in cell numbers until the 24th 
hour (the equivalent of 5 cell divisions), 
followed by a gradual decline. There 


ONTROL 


AUREOMYCIN (lOaeg) 


> DIHYDROSTREPTOMYCIN 
(1000 A 


AUREOMYC IN(IOA4Q) PLUS 


DIHYDROSTREPTOMYCIN 
(100049) 





8 
TIME 


Fic. 2. 


i012 


IN HOURS 


Influence of time on the effect of oxygen uptake of Br. militensis by aureomycin, dihydro- 


streptomycin, and aureomycin combined with dihydrostreptomycin. Glucose added at 0 hour. 
(Antibiotics in presence of cells one hour at room temperature and 35 minutes at 37 C before addition 
of glucose; endogenous respiration values subtracted.) 


there was never a decrease in viable cell 
numbers, and by the 6th day, maximal 
growth equal to that of the control was 
attained. With 1 yg of streptomycin 
combined with 10 mg% of sulfadiazine 
visible turbidity did not develop. Plate 
counts revealed no increase in cell num- 
bers after the 24th hour and then a 
consistent decline with sterility result- 
ing by the 120th hour. Flasks containing 
0.5 ug/ml of streptomycin maintained 


was complete sterilization by the sev- 
enth day. 

Influence of length of time of exposure 
to drugs on oxygen uptake of Br. meliten- 
sis with glucose substrate——The action 
of drugs on oxygen uptake was found 
to be considerably influenced by the 
length of time the cells and drugs were 
together. This was well demonstrated in 
an experiment in which manometric 
measurements were made at 30-minute 
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intervals over a 12-hour observation 
period. The systems under observation 
included 10 wg aureomycin, 1000 ug 
dihydrostreptomycin, and 10 wg aureo- 
mycin combined with 1000 ug dihydro- 
streptomycin. The drugs were placed 
in the flasks at room temperature im- 
mediately prior to the addition of cells. 
Control flasks received the appropriate 
volume of water instead of drug. An 
equal amount of glucose was placed in 
the side arm of each flask. The cells 
were in contact with the drugs for one 
hour at room temperature and 35 min- 
utes at 37 C before the glucose was 
tipped in. The over-all effect of the 
drugs on oxygen uptake for the 12-hour 
period is graphically illustrated in figure 
2. The percent decrease in total oxygen 
uptake of the various systems in relation 
to the control were: 10 ug aureomycin 
(14.0), 1000 yg 
(26.7), 10 wg aureomycin 
with 1000 ug 
(57.8). 

A better insight into the effect of the 
drugs singly and in combination, how- 
ever, is gained from interval observa- 
tions and calculations of percent change 
in oxygen uptake per hour. Table 5, 
covering the first six hours, presents the 
significant data. 


dihydrostreptomycin 
combined 
dihydrostreptomycin 


DISCUSSION 

The modes of action of the sulfona- 
mides and the antibiotics on bacteria 
are imperfectly understood. Also, little 
is known of the intermediary metabo- 
lism of the brucella. Consequently, a 
sarisfactory formulation of the mech- 
anisms of action of the various drugs 
and combinations used in this study is 
not possible. 


The inability of sulfadiazine to sup- 
respiration of 
cella cells is in accord with the experi- 


press “resting” bru- 
ence with other bacteria. The initial 
stimulation of respiration by streptomy- 


203 


cin has been reported for Salmonella ty- 
phosa (Benham, 1947). It is of interest 
that the slight stimulatory effect of sul- 
fadiazine was continuous over the ob- 
served periods, while with streptomycin 
and dihydrostreptomycin initial stimu- 
lation was followed later by a depressing 
action. Pretreatment of resting cells 
with sulfadiazine followed by washing 
revealed no continuing effect on the 
cells, while such treatment with dihy- 
drostreptomycin showed a continuing 
effect after contact with these drugs, 


TABLE 5.—Relationship of time to effect of aureo- 
mycin and dihydrostreptomycin singly and in 
combination on oxygen uptake of Br. melitensis. 


Micro- 
liters 
O: uptake 


Percent change in O; uptake per hour 
(with reference to glucose control) 
Dihydro- 
strepto- 

mycin 
(1000 yg) 
+aureo- 

mycin 

(10 yg) 


Dihydro- 
strepto- 
mycin 

(1000 yg) 


Aureo- 
mycin 
(10 yg) 


Glucose 
control 


Hour 
Ist 
2nd 
3rd 
4th 
Sth 
6th 


oe seine values were subtracted to give 
and indicated a direct relationship be- 
tween respiratory inhibition and length 
of time of action of the drugs on the 
cells. This relationship of exposure time 
to inhibitory action was also well shown 
for aureomycin. 

The depressing effect of aureomycin 
on carbohydrate metabolism was dem- 
onstrated for substrates of glucose, tre- 
halose, xylose, fructose, and pyruvate. 
Inhibition of endogenous respiration 
also was shown. These effects may rep- 
resent action on one or more fundamen- 
tal assimilative processes rather than 
on enzymes directly concerned in gly- 
colysis. 

It is of interest that no difference in 
the effect of aureomycin was found with 
an aerobic and a carbon dioxide-sensi- 
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tive strain of Br. abortus. The inability 
of growth factors to abolish inhibition 
by aureomycin was to be anticipated. 

In the experiments using combina- 
tions of aureomycin and dihydrostrepto- 
mycin, a synergistic action was shown, 
the two together exerting an effect far 
greater than the summation of their ac- 
tions singly. With the larger amounts of 
aureomycin this effect was not shown, 
but when minimal amounts of aureomy- 
cin were used, it became readily ap- 
parent. The addition of sulfadiazine to 
aureomycin or to the combination of 
aureomycin and dihydrostreptomycin 
lessened the inhibitory action. This ef- 
fect vitro does not 
necessarily have any bearing on the 
clinical use of this triple combination, 
which has been found effective in the 
treatment of human brucellosis. The ex- 
periments quoted showing the effect of 
sulfadiazine, streptomycin, and the 


demonstrated in 


combination of these two drugs on bru- 


cella populations in nutrient mediums 
establish their synergistic effect in in- 
hibiting multiplication of brucella and 
in production of eventual death of the 
populations. 


SUMMARY 

The effect of sulfadiazine and certain 
antibiotics on respiration of brucella 
was studied in the Warburg apparatus. 
Sulfadiazine did not inhibit respiration 
with a glucose substrate; streptomycin 
and dihydrostreptomycin exhibited an 
early stimulatory effect followed by 
inhibition. Aureomycin, chloromycetin, 
and terramycin all produced inhibi- 
tion, that with aureomycin being most 
marked. Certain combinations of aureo- 
mycin and dihydrostreptomycin (or 
streptomycin) showed a synergistic in- 
hibitory effect. Aureomycin was also 
shown to inhibit respiration with tre- 
halose, xylose, fructose, and pyruvate 
substrates. No difference was noted in 
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the action of aureomycin on an aerobic 
and a carbon dioxide-sensitive strain 
of Brucella abortus. Cells treated with 
aureomycin and streptomycin showed 
continued action of the drugs after 
washing; those treated with sulfadia- 
zine did not. 
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